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Cutler-Hammers new sensitive, 


The Tung-Sol germanium transistor, 
electronic heart of the relay: 


center of the plug-in module, 


heavy-duty transistorized relay. 


power type 2N379, is at the 


CUTLER-HAMMER 


a je 


relies on Tung-Sol Sieeondautar 


Tung-Sol semiconductors furnish the 
combination of sensitivity and rugged- 
ness needed for Cutler-Hammer’s new 
transistorized relays. The Tung-Sol units 
react quickly and display unfaltering 
electrical stability. They resist shock 
and vibration, and stand up under the 


most severe industrial service. 


The cold weld seal found in all Tung- 
Sol power and high power transistors 

an exclusive development of Tung-Sol 
research — contributes heavily to the 
long-life reliability Cutler-Hammer val- 
ues. Cold welding gives a true hermetic, 
copper-to-copper seal and _ eliminates 
heat damage, “splash” and heat-caused 


moisture. The special seal stays vacuum- 
tight, moisture-proof even through 
“breathing”. 

If you need the power-saving, space- 
saving features of semiconductors . 
if your circuit calls for tubes — you 
can be assured of premium performance 
when you specify Tung-Sol. Tung-Sol 
makes both to a single high quality 
standard. Our applications engineers, 
expert in both vacuum tube and semi- 
conductor problems, can give you an 
impartial recommendation for the cir- 
cuit complement that most efficiently 
answers your design needs. Tung-Sol 
Electric Inc., Newark 4, New Jersey. 


's) TUNG-SOL 
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Frequency Time Standard 
instruments, selected by 
Smithsonian Institute to 
clock satellites, are 
equipped with New 
Departure ultra- precise 
ball bearings. 


Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co. 


“® Ultra Precise Bal! Bearings 
Help ‘Clock’A Satellite / 


CUSTOMER PROBLEM: 


Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro- 
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 


SOLUTION: 


N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar- 
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar- 
ture’s advanced equipment for research, devel- 


opment and production. N/D equipped micro- 
clocks, selected by the Smithsonian Institute, 
are operating in a dozen locations around the 
world right now, keeping track of vital satellite 
movements . . . to accuracies of one milli- 
second and better! 


If you’re manufacturing or designing electric 
motors for any high precision applications, 
including instruments, why not call on New 
Departure? N/D engineering and research 
facilities are turning out the latest in high 
precision instrument ball bearings and 
advanced ball bearing designs. For more 
information write Department L-6. 


EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING AOLLE 4/KE A BALL 
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Slitting .00025” Mylar film in %-inch INMANCO coils. 


R) 
Uren vores is a specialist in fractional or decimal 


PRECISION SLITTING 


There are three important reasons why INMANCO is 
your best source for precision slit electrical insulation 
coils. First, INMANCO is in a class by itself when it 
comes to special slitting because INMANCO takes on 
and satisfies slitting for customers’ needs that no other 
fabricator can or will do. Second, INMANCO offers 
precision slitting of various materials in any increment 
—fractional or decimal. Third, INMANCO takes the 
job of slitting seriously, and accepts the responsibilities 
of furnishing exactly what the job and your specifica- 
tions call for in precision slit electrical insulation. 


The selection of these materials is wide and all are well- 


known quality brands; for example, you may choose 
INMANCO coils made from Mylar, Teflon, Lumarith 
Acetate, coated papers, cloths, films, and combination 
insulations and special materials. Or you may choose 
to have INMANCO precision slit material you supply. 
Applications for INMANCO slit coils are also extensive 
and include fishpaper, Mylar, or combination insulation 
coils for use in automatic wedge or automatic slot cell in- 
serter machines; rag or kraft paper coils for layer insula- 
tion; and film coils for condenser and capacitor insulating. 


For additional information write for INMANCO cata- 


“Mylar®" and “Teflon®" are Du Pont trademarks 


Inmanco products are manufactured exclusively by... 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard @ Phone CEntral 6-7320 
CLEVELAND 14, OHIO © 1231 Superior Avenue, N.E. @ Phone SUperior 1-2310 
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D:SIGN ENGINEERING of electrically energized machines, appliances, equipment 


Protective Coatings for Missile Printed Circuits 
A. E. Hawley and W. E. Weber 


Design Plan for Forced-Air Cooling 
Thomas C. Reeves 


Circuit Factors in Motor Protection 


H. J, Wilt 


Characteristics of Solid Tantalum Capacitors 
A. Lunchick 


Clad and Laminated Metals—Their Design Potentials 
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for the most efficient 
production of 
oxygen-free gas 


NITRONEAL” GAS GENERATOR 


... provides by far the most economical and effi- 
cient method for the production of pure nitrogen 
—completely free of oxygen—and with hydro- 
gen content precisely controlled at any desired 
percentage between 0.5% and 25%. Nitrogen 
is supplied at a fraction of cylinder supply cost. 

The Nitroneal Generator is automatic except 
for startup, with no need for operating person- 
nel. The unit performs instantly, efficiently any- 
where in the range of from 25% to 100% of 
rated capacity. Installation requires only a 110 
volt line, water, air, ammonia lines and drain 
facilities, Units can be supplied in capacities of 
100 cfh to 10,000 cfh. . . . The catalyst lasts in- 
definitely—maintenance costs are practically nil. 
Write for complete catalog material and data. 


CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
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look to Amersil for all 
high purity fused quartz 
requirements. 


Amersil manufactures and fabricates high purity 
fused quartz for ultraviolet transmission applica- 
tions, laboratory ware and production equip- 
ment. These products include standard apparatus, 
plain tubing in many intricate fabrications, cru- 
cibles, trays, cylindrical containers and piping 
in a full range of sizes up to 25” in diameter. 
Ingots and plates are available in general com- 
mercial quality as well as in special optical 
grades. Amersil engineers are also prepared to 
assist in developing fused quartz and silica equip- 
ment for special requirements, Send for bulletin. 


AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
HILLSIDE, N. J. 
Circle 107 on page 17 
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QUARTZ 
DIVISION 


CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.GB.A. 
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a simplified mirror-bright 
silver plating process 


Here is the most efficient, simple procedure to 
protect electrical electronic and lamp compo- 
nents with a mirror-bright silver finish—through a 
complete range from flash to heavy deposit. The 
procedure is easy, economical and non-critical— 
with little or no polishing required. Silva-Brite is 
a clear, water-white solution, enabling the oper- 
ator to observe work as it is being plated. Uni- 
formly good results are attained with current 
densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature opera- 
tion minimizes fumes and tendency toward bath 
decomposition. Send for descriptive data together 
with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 
Circle 108 on page 17 
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ECONOTAPE crossbar 
contacts are most efficient 
for electrical relays 


You can now get ideally efficient crossbar con- 
tacts for your electrical relays—with as many con- 
tacts as you need, where you need them—with 
positive assurance of full, contact surface. This 
has been made possible through the development 
of Makepeace’s new ECONOTAPE, a precision- 
drawn shaped or rectangular contact wire in 
either solid precious metal or in laminated metal 
—in your choice of gold, platinum, palladium, sil- 
ver and their various alloys. 

Econotape crossbar contacts are supplied com- 
plete, attached to Makepeace blades . . . at- 
tached to blades supplied by you...or Econotape 
for your own attaching. 

Econotape is cut off and welded to the blade 
in one operation. It is no longer necessary to 
handle and attach individual button type con- 
tacts, Positioning of Econotape on the blade is 
done automatically as the tape is cut off and 
welded. Permanent attachment is assured by a 
homogenous metallurgical bond that is undis- 
turbed by expansion and contraction caused by 
temperature changes. 

If you are designing a new relay or trying to 
cut the cost of your present mechanism, send for 
Econotape Crossbar Contact literature. 


D. E. MAKEPEACE DIVISION * PINE & DUNHAM STREET 
ATTLEBORO, MASS. 
Circle 109 on page 17 
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in This issue 


Components, Electrical/Electronic 
Printed Circuits 

Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


Protective Coatings for 
Missile Printed Circuits 


This report provides data on the formulation and character- 
istics of several coatings specially developed for the exacting 
requirements of printed circuits in missile electronic systems. 
Test procedures are also detailed. 


A. E. Hawley and W. E. Weber, Hughes Research and Devel 
opment Laboratories, Culver City, Calif. 
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Materials, Mechanical /Structural 
Composite Materials 
Metals 

Design Considerations 
Moterials Selection Factors 


Your Classification: 


* Clad and Laminated Metals— 
Their Design Potentials 


Presented are examples of areas of application of combined 
metals. Combinations by cladding and laminating give, for 
certain applications, a superior product which yields top 
properties of each constituent metal. Treated in this article are 
the precious and rare metals, aluminum, steel, copper and 
molybdenum combinations. Article is illustrated by typical 
case histories supported by graphs, charts and illustrations. 


Staff Report 


Electrical Manufacturing 1959 June p 78 6 pp 


Basic Science and Engineering 


Your Classification: 
Mathematics 


* Construction and Use of 
Alignment Nomograms 


The advantages, for many forms of engineering data, of align 
ment nomograms over Cartesian curve displays are described. 
Methods are outlined for converting curves to alignment 
nomograms. 


D. B. Kececiogiu and R. W. Opperthauser, Allis-Chalmers 
Mig. Co., Milwaukee, Wis. 
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Design Considerations 


Your Classification: 
Thermal Design Factors 


Design Plan for Forced-Air Cooling 


\ 1-2-3 plan for determining the necessary cooling apparatus 
required for electronic equipment. Includes definite provisions 
for ascertaining that the cooling will be sufficient to meet 
reliability design goals but will not be extravagant. 


lr. C. Reeves, Radio Corporation of America, Camden, N. J. 
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Control Your Classification: 
Case Histories 


Instruments and Test Equipment 
Design 


Overspeed-Overtorque Detection 
by Pulse Timing 


A unique pulse-timing method is used to provide control of 
speed and torque in a system for testing high-speed (110,000 
rpm) components such as bearings and shaft seals. 


M. E. Fitch, Ford Motor Co., Dearborn, Mich. 
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Control Your Classification: 
Systems and Servos 

Drives 
Electrical 


Machine Tool Forum 
Tackles Design Problems 


\ report of the 23rd Westinghouse Machine Tool Forum. 
General trends evidenced during the sessions are discussed 
and selected papers summarized. The latter include those on 
variable-speed drives, new components, and machine control 
systems. 


Staff Report 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 168 and 178 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Motors Your Classification: 
Integral-Horsepower 

Components, Electrical/Electronic 
Protective Devices 


Circuit Factors in Motor Protection 


In selecting and applying protective devices for machine and 
equipment drive motors, the protected motor or other load 
is only one factor to be considered. The various possible 
arrangements of protective devices and the important power- 
circuit aspects that must be analyzed for adequate and efficient 
short-circuit and overload protection are discussed. 


H. J. Wilt, General Electric Co., Roanoke, Va. 
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Basic Science and Engineering Your Classification: 


Physics 
Design Considerations 
Shock and Vibration 


* The Fundamental Nature of Shock 
and Vibration: Theory, Character 
and Mechanism of Damage, 
Principles of Testing 

Fundamentals of shock and vibration are discussed and ana 

lyzed. The basic information is applied to functional engineer- 


ing problems: design of equipment to withstand these environ 
ments, evaluation of specifications, selection of test methods. 


I. Vigness, U. S. Naval Research Laboratory, Washington, D. C. 
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Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


* Pressure-Sensitive Electrical Tapes 
as Designed-In Components 


Pressure-sensitive electrical tapes are considered as designed 
in components, The effect of tape materials on properties is 
discussed. New developments in backings and adhesives are 
stressed, Applications are shown. 


H. M. Hanson, Minnesota Mining and Manufacturing Co., 
St. Paul 6, Minn. 
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Components, Electricol/Electronic Your Classification: 


Capacitors 


Characteristics of Solid 
Tantalum Capacitors 


An evaluation of solid tantalum capacitors for equipment 
design engineers. Based upon studies by U.S. Army Signal 
Research and Development Laboratories. Data include results 
of environmental and life tests. 


A. Lunchick, U, S. Army Signal Research and Development 
Laboratories, Fort Monmouth, N. J. 
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Design Considerations Your Classification: 


Appearance 


The Model as a Design Aid 


A discussion of the various forms of design models and their 
selection for the successive phases of presenting design ideas. 
A guide to materials and fabricating methods used in model 
making is included, with a list of typical modelmaking 
spec ialists, 


D. R. Witt, Imagination Unlimited, Minneapolis, Minn, 
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Control Your Classification: 
Theory 


Automatic Control System Design—3 
Frequency Response and 
Transfer Functions 


This, the third article in the series, deals with the frequency 
response and transfer functions of various devices and com 
ponents used in servo systems. Transfer functions of a 
pressure transducer, a tachometer generator and other devices 
are developed. 


Ira Ritow, Airborne Instruments Laboratories, Mineola, N.Y. 
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VITREOUS 


ovaliy rane OS] MAINTE ENAMELED 


RESISTORS 


HIGH-STRENGTH VITREOUS ENAMEL EVEN, UNIFORM TINNED, ALLOY 
WELDED TERMINAL LUG COATING WINDING TERMINALS ~~»! 


i] 


RESILIENT MOUNTING STRONG CERAMIC WELDED RESISTANCE 
BRACKETS CORE WIRE JUNCTION 


In Ohmite resistors, spot welding replaces soldering, brazing, 
rid and mechanical fastening. Spot welding produces strong con- 
prevents crazing nections that are not affected by vibration or high tempera- 
° tures. Ohmite welded construction also produces an almost 
and moisture entrance flush connection between the resistance wire and terminal. This 
prevents thin spots or bulges in the vitreous enamel coating 
which might cause future trouble and failure. Many different 
types of terminals are available besides the lug illustrated. 


Ohmite can supply all of your resistor needs 


some of the many types available The almost endless variety of Ohmite resistors in many sizes 

and types—in a wide range of wattages and resistances— 
Axial Lead Live Bracket Mounting makes it possible to meet each individual need. Many of 
Brown Devil® Wire Lead wacigre these can be supplied from the world’s largest factory 
Fixed, Lug Type Edison Screw Base Mounting stock. Whatever your resistor requirements may be, 


Dividohm® Adjustable Resistors chances are you will find exactly the type you need in 
Thin Type Riteohm® Wire-Wound industry’s most complete line of high-quality resistors. 
Precision Resistors, 

Noninductive Encapsulated; Vitreous . 
Powr-Rib®, High Current, Enameled; Molded Be Right with 

Round or Ribbon Wire, Jacket; Hermetically 

Open Wound Gloss Sealed ® Ohmite Manufacturing 
Corrib®, High Current, Riteohm® Metal l I fe Company 
Corrugated, Edgewound Film Resistors 3613 Howard Street 


Riphen Quality Components Skokie, Illinois 
Resistors with Heat Resistors to meet MiL 
Conducting Studs Sp ae 
Ferrule Mounting Resistors High-Shock Resistors RHEOSTATS RESISTORS RELAYS 
TANTALUM CAPACITORS TAP SWITCHES 


Write on company letterhead for Catalog 56 VARIABLE TRANSFORMERS DIODES’ R.F. CHOKES 
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Research 
Horizons 


Graphite Fibers 


and Textiles 

Organic textile materials in various 
forms can be converted directly to 
graphite with a purity in excess of 99.9 
per cent. This patented thermochemical 
conversion process has been developed 
by National Carbon Company, Division 
of Union Carbide Corporation. 

Graphite textiles are resistant to 
attack by acids, alkalies, and organic 
compounds, except for those of a highly 
oxidizing nature. They are unreactive 
with many molten metals, have excellent 
electrical and thermal conductivity, and 
are immune to thermal shock. Inherent 
lubricating properties éexténd the range 
of high-temperature applie&gtions. 

The following uses are betng investi- 
gated: reinforcement for plastics and 
refractory materials in ultrahfgh-tem- 
perature service; electrically conduc- 
tive elements; resistance heating ele- 
ments; thermoelectric elements; elec- 
tron tube grids; infrared emitters; and 
static eliminators. 

Graphite textiles generally exhibit the 
same properties as manufactured solid 
graphite. For a graphite cloth (square 
weave, 28 x 28 construction) room- 
temperature electrical resistance is 0.5 
ohm per in. width per in. length. Room- 
temperature tensile strength is 10 to 15 
Ib per in. width. Individual yarns of 
graphite cloth have shown tensile 
strength as high as 15,000 psi. 


Silicone Rubber 
Fibrous Mat 


A fibrous-type developmental silicone 
rubber material is described as having 
the following properties: 


a. high permeability 
b. good tear resistance 
c. good tensile strength 
d. density in the 20 lb/cu ft range 
e. good compression-deflection char- 
acteristics 
usable temperature range —65 to 
+500 F. 
The new material is mat-like in 
structure, comprising random-oriented 
silicone rubber fibers. The fiber struc- 
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tensile and tear 
strength believed to be superior to 
that of silicone sponge and foam. The 
fibrous silicone rubber is made by the 
Connecticut Hard Rubber Company, 
New Haven, Conn., under the name of 
Cohrlastic FSR. Pilot plant production 
is in sheets 14 in. thick, 9 in. wide and 
6 ft long. Continuous-length material 
will probably be made as applications 
are developed. Typical properties: 

Density: 18-22 lb/cu ft 

Compression set (ASTM-D1056-56T ), 
50 per cent deflection: 


70 F 


ture results in a 


22 hr @ 0.5 to 1.0 per 
cent 

0.5 to 1.5 per 
cent 

10.0 to 15.0 per 
cent 


22 hr @ 212 F 


22 hr @ 350 F 


Compression deflection, room tem- 
perature: 
Deflected to 75 per cent of original 
thickness, 1.5 to 2.5 lb/sq in. 
Deflected to 50 per cent of original 
thickness, 8.0 to 12.0 Ib/sq in. 


Break Strength: 2.5 to 3.5 |b/sq in. 
Elongation: 80 to 100 per cent. 


Graphite Cloth Under Test: Special proc- 
ess developed by National Carbon Com- 
pany Division of Union Carbide Corpora- 
tion makes it possible to produce graphite 
cloth with properties similar to those of 
manufactured graphite (see details else- 
where on this page). Evacuated glass 
tube test illustrated here demonstrates 
high electrical conductivity and thermal 
stability of the graphite cloth at high 
temperatures. A narrow (approx 10 in. 
long) strip is sealed in a vacuum and 
reaches a white heat when operated on 
100 volts. The strip radiates about 1300 
watts, 


ASTM Standards Projects 
for Electrical Insulation 


Recent establishment of the full-fledged 
ASTM Committee D-27 on Insulating 
Liquids and Gases (formerly Subcom- 
mittee IV of Committee D-9 on Elec- 
trical Insulating Materials) reflects 
both the increasing scope of research 
in liquids and oils and the increasing 
areas of application. The new commit- 
tee is charged with the following re- 
sponsibility: “The promotion of knowl- 
edge pertaining to electrical insulating 
liquids and gases, whether of synthetic 
or natural origin, and the recommenda- 
tion of standards pertinent to these 
materials.” 

e Other actions by the parent Com- 
mittee D-9 reflect two growing prob- 
lems: The new Subcommittee on Com- 
posite Materials will develop standards 
for various combination materials such 
as are used in slot liners for motors 
and for other applications. A separate 
subcommittee also was established to 
handle problems related to the thermal 
capability of materials. Formerly these 
problems were handled by a section of 
Subcommittee XII on Electrical Tests. 

e Several problems related to meth- 
ods for measuring nuclear radiation ef- 
fects were covered in proposed tenta- 
tives completed by Subcommittee II on 
Radiation Effects. Recommendations 
were made for use of the unit “rad” as 
a measure of radiation dose, a recom- 
mended practice for exposure of poly- 
meric materials to high energy and 
nuclear radiation, and a recommended 
practice for measuring radiation dose. 
Radiation dose is measured by oxida- 
tion of a ferrous salt, and is useful for 
intensities up to 40,000 rad. 


Nature of Ceramic-Metal 
Bonds Investigated 


Fundamental studies in the mechanism 
of ceramic-metal bonding have led to 
an investigation of the bonding of gold 
to fused silica at the National Bureau 
of Standards. Objective of the pro- 
gram is the development of stronger 
ceramic-to-metal bonds particularly 
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Horizons 


necessary in applications where corro- 
sion and oxidation are encountered at 
high temperatures. The results of this 
investigation may also make it possible 
to resolve some of the existing contro- 
versial theories on the nature of bond- 
ing. In fact, NBS scientists point out 
that, in general, bonding theory has not 
kept pace with industrial applications. 

Test specimens were prepared by 
melting gold pellets in vacuum on 
plaques of polished fused silica and 
then heating for 15 min at 1100 C un- 
der various oxygen and air pressures. 
Effects of oxygen and air 
gold diffusion into the silica lattice, gas 
evolution, and surface roughening were 
analyzed to determine their significance 
to the bonding mechanism. Bond 
strength was measured at room tem- 
appa- 


pressure, 


perature with a shear-testing 
ratus. The silica was found to be sub- 
stantially free of strain prior to testing. 

The results lead to the conclusion 
that a strong chemical bond appears to 
develop between_the metallic gold and 
the gold-enriched layer of the. silica. 


Research Note 


Ihe adhesion is most probably caused 
by a chemical process rather than by 
a mechanical interlock. Shear tests 
show that any fractures developed dur- 
ing bonding occurred only in the silica 
and not in the gold-silica interface. 


Neutron Detectors 
for Reactor Control 


High-temperature detectors 
for reactor control systems have been 
developed by Plessey Nucleonics Lim- 
ited, Ilford, Essex, England, to operate 
efficiently at temperatures up to ap- 
proximately 200 C. Shown at the 
recent Physical Society Exhibition in 


PNI 1025, 


neutron 


London were two detectors: 
a three-electrode ionization chamber 
incorporating gamma compensation; 
and PNI 1026, a two-electrode version. 
Both detectors are capable of being 
operated under plant conditions, at the 
ambient temperatures of the core or 
periods without 
attention. They have the minimum pos- 
sible gamma sensitivity consistent with 
adequate neutron sensitivity. After op- 
eration at high neutron fluxes they 
provide the minimum possible current 


shielding, for long 


from residual activities in their struc- 
tural materials. 
given as follows: 

s Major 


Design details are 


components of both de- 


tectors are of high-purity aluminum. 
Internal insulators and electrode sup- 
ports are of alumina and the vacuum 
lead-through seals are of the ceramic- 
to-metal bonded type. The resulting 
rigid mounting of the electrode as- 
sembly is therefore quite independent 
of the vacuum seals and cable termina- 
tions. 

e The chambers have a substantial 
aluminum base plate which shrouds 
the vacuum seals and carries the cable 
terminations. The base plate contains 
stainless wire inserts which provide 
the chamber with substantial support. 
Completed detectors, before filling, are 
tested to an internal pressure of 100 
psi. 

e Neutron-sensilive coatings — of 
either natural or enriched boron can 
be provided. The chambers are nor- 
mally filled with hydrogen at pressures 
of 25, 75, or 225 cm Hg, but alterna- 
tive fillings can be supplied if required. 

e Although the chamber can_ be 
operated at temperatures up to ap- 
proximately 200 C, the precise upper 
limit depends on the lower limit of 
current to be measured and the filling 
pressure, 

e Polyethylene-insulated sealed ter- 
minations designed to take similarly 
insulated and sheathed cables are 
fitted for normal and moderate fluxes 


The Impact Strength of “Tough” Plastics 


NOTE: This issue of “Research Hori 
zons” initiates a series of summaries of 
papers on the physical properties of 
polymers presented originally at the 
Silver Jubilee Symposium of the Plas 
tics and Polymer Group, Society of 
Chemical Industry, London, England, 
April 15-17, 1958. The summaries have 
been specially prepared by R. N. 
Wheeler, Shell Development Corpora- 
tion Ltd., and K. H. C, Bessant, Dis- 


tillers Company Ltd. 


HiGH-AMPACT-STRENGTH plastics are those 
that exhibit tensile stress-strain curves as 
shown in Fig. 1 (a) when subjected to a 
constant rate of strain of less than 50 per 
cent elongation. On the other hand, the 
brittle polymers have tensile stress-strain 
curves as shown in Fig. 1 (b). Thermo 
plastic materials appear to fall in either 
group, depending on test conditions—in 
particular upon temperature. 

e@ At low rates of loading or straining, 
the energy required to reach the failure or 
“break” point con be precisely determined 
from an appropriate stress-strain curve. 
Methods for obtaining high-speed stress- 
strain curves have been described but not 
widely applied. The tensile impact test of 
Maxwell and Harrington (/) is probably 
the most useful for measuring the effect 
of variation of rate of strain on energy 
absorption capacity. It probably gives a 
better estimate of the practical behavior 


f T T 
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Toughened polystyrene 


of materials than either the Charpy or 
Izod test. Impact usually involves both 
tensile and compressive energy absorption 
mechanisms. The generalized impact ef- 
fect has much in common with that of a 
flexural test of the appropriate type. Fig- 
ures 2 and 3 illustrate the shape of con- 
stant-rate deflection load-deflection flexural 
“tough” materials—cellu- 
lose acetate and high-impact polystyrene 
alloy) re- 


curves for two 


(polystyrene/rubber polymer 


Fig. 1—Tensile stress-strain curves 
for (a) tough polymers, (b) brit- 
tle nsaterials. 
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spectively. The curves respond to  varia- 
tion of straining rate in the same way. 
(Compare curves taken at 0.1 in./min de- 
flection with those taken at 2.0 in./min de- 
flection). 

@ It has been suggested in a previous 
paper (2) that, for high-impact materials 
of similar speed sensitivity, a relationship 
might exist between falling-weight impact 
strength and the area beneath a slow rate 
flexural curve measured to the point of 
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and temperatures. For use with four- 
core cables, polarizing supply connec- 
tors provide “tell-tale” signal facilities 
on both live and ground leads. Alter- 
natively, cable with braid 
return can be used, but in this case 
without these facilities being available 
on the ground line. 


two-core 


e The designs insure very low resi- 
dual activity so that a wide operating 
range may be covered. In the case of 
the PNI 1025, the maximum benefit 
can be obtained from the gamma 
compensation. 


duction of Du Pont’s Delrin acetal 
thermoplastic resin. For the past three 
years, experimental quantities have 
been subjected to some 500 end-use 
evaluation tests. A wide range of ap- 
plications is now seen in product com- 
ponent parts of all types, particularly 
as lightweight replacements for diecast 


Development Stage Ends 


metals. 
for Acetal Resin 


@ Chemically, Delrin is a_ linear 
polymer with long polymer chains 
1000 formaldehyde units). The 
respon- 


described as 
char- 
stray col- \ 


e The chambers are 
showing excellent  saturization 
acteristics; by minimizing 
lection volume, low gamma sensitivity 


10-year program of research in 
formaldehyde polymers will culminate 


this year in full-scale commercial pro- 


(over 


results. dense crystalline structure is 


Relation Between Service Impact Resistance and Impact Strength of Plastics 


i 


maximum load. This view, however, is no 
longer supported by 
mental evidence. The present view is that 
the portion of the load-deflection curve 
beyond maximum load, although developed 
at relatively low speeds, does make an 
important contribution to impact strength. 

e@ Any stress-strain reaction developed 
during impact is not represented by a single- 
speed curve of high or low rate of deflec- 
tion but by a complex curve that contains 
elements at all rates from maximum to zero. 
The initial and final parts of the deforma- 
tion occur at slow rates. The second set of 
slow-rate strains will occur at the high- 
deflection end of impact. The portion of 
the constant slow-rate load-deflection curve 
beyond the point of maximum load _ will 
make a contribution to impact strength. 
Examination of Figs. 2 and 3 will show 
what might happen as a result of impact 
that occurs during flexural tests in which 
the rate of deflection is deliberately varied. 
If the correct curves could be drawn for an 
actual impact, the area beneath such a curve 


more recent experi- 
Izod impact 


strength, ft-lb/in. 
of notch 


Falling-weight impact 

Service strength, ft-lb 
impact 

resistance, 
no. of 
throws 


Notch 
radius, 
0.01 in. 


Notch 
radius, 
0.04 in. 


2-in. 1-in. 


Material span span 


S.A.B. System No. 1" 8 8.9 9 
S.B. System No. 1' >5 f 4 : 0 2 
S.A.B. System No. 2 3:2 
S. B. System No. 2 


Cellulose acetate B.S. 1524, 
Grade M 


Polymethy! methacrylate , 04 


S.A.B. System No. 3 0.94 


* S.A.B. system refers to a styrene/acrylonitrile/butadiene polyblend system 


© S.B. system refers to a styrene/butadiene polyblend system 


would give a reliable measure of impact 
strength. No method has yet been devised 
for doing this, but the value of the inte- 
grated area can be obtained directly by 
an appropriate (no excess energy) impact 
test. The falling-weight test used to deter- 
mine the energy at which 50 per cent of a 
series of test pieces may be expected to 
break meets the necessary conditions. 

e A comparison was made for a wide 
range of high-impact-strength plastics be- 
tween falling-weight impact strength and 
impact resistance in service. The falling- 

: constant rate of deflection 0.1) in./min 
weight measurements were made accord initial vate of 2.6 in./min reduced. (a) to 0.) in./min at 6.06 in, de@ection, (6) to 0.2 in./min at 0.15 
ing to British Standard 2782, Part 2. In in. deflection, (c) to 0.1 in./min at 0.4 in 
the practical service test injection-molded L ee 
cups were thrown against a wall and the Fig. 2 
number of 


Deflection ,in 


constant rate of deflection 2.0 in./min 
deflection, (d) continuously reaching 0.1 in./min at 1.0 


Flexural curves for high-impact grade polystyrene. 


average throws required to 
break them was counted. The results are 
shown in the accompanying table. 

e@ The experimental results confirm that 
the “limiting-energy” falling-weight — test 
gives a better prediction of service impact 
resistance than does an “excess energy” 

method as exemplified bv the Izod test. 

G. HULSE | | | 

Monsanto Cuemicats Lt, || |_| 

J 


+ 
London, England \(a) | \(d) 


0.8 0 04 0.8 0.4 0.8 
Deflection,in 
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Fig. 3—Flexural curves for cellulose acetate. 
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sible for the generally superior physical 
characteristics as noted: 
a. rigidity, strength and resilience 
b. dimensional stability (resistance 
to swelling due to water absorp- 
tion, heat, etc.) 
resistance to chemicals and _ sol- 
vents 
low coefficient of friction 
fatigue endurance 
resistance to creep 
. hardness and high gloss 
e The physical properties particu- 
larly important in applications intended 
to replace metals include: 


Property and units 


Elongation, 73 F, per cent 
158 F, per cent 
Impact strength, Izod, —40 F, ft Ib/in. 
+73 F, ft lb/in. 
Tensile strength and yield point, 73 F, 
158 F, 
Flexural modulus, 73 F, psi 
Flexural strength, psi 
Shear strength, psi 


Power Measurement 
at Ultrahigh Frequencies 


A device for power measurement at 
frequencies of 4 < 10° cps utilizes the 
application of the Hall effect in a 
semiconductor. The device is described 
in a paper prepared by L. M. Stephen- 
son and H. E. M. Barlow, Department 
of Electrical Engineering, University 
College, London, for the British Institu- 
tion of Electrical Engineers. 

e The technique is as follows: when 
a semiconducting crystal is mounted in 
the path of an electromagnetic wave, a 
Hall emf is set up in the crystal along 
the direction of propagation with a 
value proportional to the power trans- 
mitted. The device has been found to 
operate most satisfactorily when the 
wave impedance is small, so that for a 


ASTM No. Average values 
for Delrin 
500 150 

series 

D638 15 

D638 330 

D256 1.2 

D256 1.4 

D638 7500 
D638 10,000 
D790 410,000 
D790 14,100 
D732 9510 


series 


Deformation under load (2000 psi at 122 F), per cent D621 0.5 
Compressive stress at 1 per cent deformation, psi D695 5200 


Research Note 


given power the electric field component 
is reduced to a minimum. These favor- 
able conditions can be established by 
the use of a resonant cavity with the 
crystal erected in it at a point of 
strong magnetic field. 

e The device described can measure 
power at the stated frequency with an 
error of +3 per cent from 30 milli- 
watts to about 20 watts. This perform- 
ance can be achieved on any standing- 
wave ratio between unity and 0.1. Only 
about 3.4 per cent of the power meas- 
ured is absorbed. 

e Some experiments on semiconduc- 
tors mounted directly in a waveguide 
are also quoted. It seems possible to 
use several crystals in cascade. 


Stroboscopic 
Vibration Analyzer 


Developed by the National Bureau of 
Standards, a_ stroboscopic vibration 
analyzer has been found useful in 
determining the amplitude and phase 
relations of vibrations of any frequency. 
Signals from vibration pickups are 
mixed with a common signal which 
differs slightly from the frequency at 
which the body is vibrated. The dif- 
ference signal is then filtered from the 
combined frequency and displayed on 
an oscilloscope. The analyzer can be 
used to observe vibration amplitudes 
from the submicroscopic to the visible. 


—A.E.J. 


Relationship of the Design Function to Materials Engineering 


NEW MATERIALS DEVELOPMENTS occur so 
rapidly that it is impossible for the design 
engineer to keep abreast and still perform 
his basic functions. As a consequence, 
many organizations provide materials en- 
gineers to perform this and other services 
for their designers, 

The types of problems confronting the 
materials engineer are many and varied, 
These include field failures, materials sub- 
stitution, selection of materials, prepara- 
tion of specifications and the evaluation of 
current and new materials. Since each may 
require extensive study, the materials en- 
gineer’s standardized approach utilizes his 
own knowledge effectively in attacking new 
and difficult design problems. 

The liaison between materials and de- 
sign is predicated on the steps taken by 
the materials engineer in solving his prob- 
lem and the willingness of the designer to 
present the basic problems involved. 

After the design engineer states his prob- 
lem, the materials engineer must organize 
his knowledge and abilities to reach a prac- 
tical solution. 

First he must formulate a precise defini- 
tion of the problem so that the particular 
problem, and no other, is being solved. 
Once this is done, a review of previous 
work performed is analyzed for clues to a 
possible approach. From this he may be 
able to form opinions on materials require- 


12 


ments and fabrication techniques. In addi- 
tion, he may see possible design changes 
which could take advantage of specific 
characteristics of the materials considered. 

In his contact with the designer he may 
learn that the function of the design itself 
may present a clue to those properties of a 
material which are needed, or to find how 
the design should be checked when the 
proper material is found. These are the 
preliminary steps taken by the materials 
engineer after his first contact with the 
designer. 

From here he is strictly on his own. 
Since the environmental conditions under 
which the design will operate have been 
made known, he can begin to make a deci- 
sion on the type of material that is neces- 
sary. If it is a re-design, a modification of 
the material being used may solve the prob- 
lem. If this is impractical, or if it is a 
new design, as many materials as possible 
are screened for use. 

Once the material has been chosen the 
important problem of fabrication must be 
considered. The prime factors concerning 
tolerances, commercial availability, quanti- 
ties and cost must be treated. Many hours 
of research can be eliminated by checking 
off these considerations. 

The goal of any materials engineer is to 
standardize materials used by his organiza- 
tion. If a stock material can be used, his 


problem is simplified. Once he has deter- 
mined what material is to be used, he can 
obtain information for specification. In 
specifying the material, an important ques- 
tion should be answered: What is the 
minimum life of the design? 

Once these fundamental factors are ex 
amined, procedural methods for solution 
of the original problem may be planned 
and executed. However, the foregoing is 
based on the complete cooperation of the 
design engineer. 

Most organizations have material speci- 
fications which were compiled in an effort 
to standardize materials. The design engi- 
neer should consult these first when look- 
ing for a suitable material. Shou'd this 
prove insufficient, the materials engineer 
enters to play a vital role in solving the 
problem. 

The materials engineer can do a more 
effective job if he is called into the prob- 
lem early. This allows sufficient time for 
a thorough investigation. If changes are 
necessary, they may then be made with a 
minimum loss of time at minimum cost. 

O00 


NICHOLAS J. PETRELLA 

Chief Materials Engineer 

MINNEAPOLIS HONEYWELL RecuLator Co. 
Brown INSTRUMENTS Division 
Philadelphia, Pa. 
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D-C DRIVES : 
FOR - 
PRECISE CONTROL 


Problem: How to control sheet or web tensions 
for faster machine operation, better quality 


Tension inaccuracies during high speed production 
can result in torn sheet, costly production snarls, poor 
product quality. To control sheet or web tensions ac- 
curately, speeds of machines must be closely syn- 
chronized. Equipment must be brought up to top 
speed gradually—smoothly—without loss of tension. 
Often a dozen motors must respond as one—instantly. 
Direct-current drives can best meet this need. 


In continuous processing—wherever accurate con- 
trol is needed—direct-current adjustable-speed drives 
perform with instantaneous tension adjustment— 
smoothly, automatically. The result: faster machine 
operation, better quality, lower production cost. - 


FROM @.E.°S 


MOTORS AND GENERATORS 


COMPLETE 


This is only one example of d-c’s modern capabili- 
ties. Throughout industry there is a growing trend to 
more direct-current powered equipment. The reasons 
for this trend are explained in a new General Electric 
booklet called “WHY D-C?” For your free copy, write 
Department 829-1, General Electric Co., Schenectady 
5, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


LINE OF 


Circle 111 on page 17 





D-¢C DRIVES 


POWER UNITS AND CONTROLS 


Varian 


STRIP 
CHART 


Recorders 


—- 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handie 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
on the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 
and $470 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


FOR COMPLETE SPECS. AND STANDARD 
OPTIONS, WRITE INSTRUMENT DIVISION. 
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Plus or Minus 


Random Comments of the Editors and Readers 


On'y Ten More? 


. chess champions, that is. At least 
that’s the prediction of scientists attend- 
ing the Interdisciplinary Conference on 
Self-Organizing Systems sponsored by 
the Office of Naval Research and Ar- 
mour Research Foundation in Chicago 
on May 5 and 6. Within five years we 
can expect chess-playing machines with 
self-learning capabilities and a built-in 
desire to win. Five years’ playing ex- 
perience will render these ivory-manip- 
ulating unbeatable — by 
humans. 

The computer is already king of the 
tic-tac-toe board and will 


mechanisms 


soon wear 
the checker crown. 
Machines that reproduce themselves 
even analyze their own states of 
“mind” are also on the schedule. 


So what's left? 


Errata 


In the article, “Overcurrent Protec- 
tion of Semiconductor Rectifiers,” by 
F. W. Gutzwiller in our 
the equations describing P,,,,, on page 
113. should been 


follows: 


April issue, 


have presented as 

The rectifier rating curve is devel- 
oped from the intermittent rating infor- 
1J A60 


surge 


mation in the 
Notes and_ the 
device. For one-minute 
rating starting from ambient is devel- 
oped as follows: 


A pplication 
curve on the 
instance, the 


T; T; 


' Ry t Ry a e—tmwax/T, € ) 


where 


Ty = maximum allowable junction 
temperature in deg C 
maximum ambient temperature 
in deg C 
maximum time ‘‘on” in minutes 
thermal time constant in min- 
utes 

= thermal resistance between 
junction and fin (deg C_ per 
watt) 
thermal resistance between 
fin and ambient (deg C_ per 
watt) 


200 
Ree! puenny 


116 watts 


NEMA Motor Specs 
Criticized 
Ease of motor replacement instead of 
repair, and significant differences in 
temperature have led to 
profoundly divergent attitudes in Eu- 
and America, according to a 
British view reported by Air Condition- 
ing, Heating & Refrigeration News: 
Describing American fractional- 
horsepower motors as “somewhat like ex- 
truded sausages cut off at convenient 
lengths,” Peter L. Loewe, vice president 
of Brook Motor Corp., Huddersfield, Eng- 
land, contended that these smaller Amer- 
ican motors are practically unknown in 
most areas of the world— “where English, 
French, Italian, and 
providing years of 
reliable service in such diverse places as 
Arctic regions and the jungles of Central 
Africa.” 

Loewe explained that world-wide opinion 
recognizes that it is not the inability to 
produce higher quality motors which is 
involved. “Rather, it is the fundamental 
economic fact that almost any area in the 
United States can get replacement motors 
within hours or, at most, within a couple 
of days. 
come accustomed to making a profitable 
rather than repairing.” 
parts of the world,” Loewe 


allowances 


rope 


German, Japanese, 


Belgian motors are 


American service men have be- 


replacement 
“In most 
continued, “people have to wait months 
for a replacement motor; therefore, they 
reject designed — for 
relatively shorter life and for unique serv- 
ice in favor of 
which will stand up for years of heavy 
duty and still be repairable.” 
specifications, 
held, “NEMA specs were good specs 25 
years ago when only natural varnishes 
were available. Except for the United 
States and parts of Latin America, the rest 
of the world NEMA and 


cycles 


motors spec ifically 


general-purpose motors 


Discussing motor Loewe 


ignores both 
your conventional electric 
and voltage characteristics,” 
He took special exception to the 40-deg 
temperature rise limit of NEMA. 


“During the war, due to a shortage of 


power 


materials, the Germans were forced to 
design motors with a 90-deg rise, and the 
successful, The Germans 
and the Swiss have now adopted a 70-deg 
rise as a specification,” the Brook vice 
president added. 

Perhaps the most important reason for 
the reluctance of the rest of the world to 
use American motors is the rather dis- 
interested attitude of most American man- 
ufacturers toward their export accounts. 


“For most of them, export business is a 


motors proved 
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A Remarkable Development in 


VARS 


SUPER HIGH-STR 
SEMI-CURED SILI¢ 


FOR 
er Tr. 


MOTOR COILS * CABLES 
or” ~. . FLEXIBLE HOTAIR 
HIGH ‘ 
MECHANICAL _~ UBING 
~ STRENGTH 


~ a 
~ - 
-——H oe 


. 
© 
HIGH 
DIELECTRIC 
STRENGTH 


HIGH 
BONDING 
7 STRENGTH 
Wm we Excellent Power Factor | so t 


- a 
Tae 


There’s nothing better than NJW’s new a eS 
VARSIL SR1050 for rugged Class H applica- -~ | 

tions! It’s the best bonding tape of silicone rub- 

ber on glass cloth...The exceptionally tight 

bond and good flow of rubber means no voids — 

maximum dielectric strength. 


BOND STRENGTH vs SHELF LIFE 


a SILICONE RUBBER COATED DACRON- 
ALSO AVAILABLE — VARSIL SR1050 on Dacron: glass com- z | GLASS CLOTH 


bination cloth, with just the necessary stretch for excellent 

conformity (keeping volts-per-mil-high). Unusual flow of rub- - TWO SIDES COATED 

ber during vulcanization eliminates voids and assures good THICKNESS: 20 MILS 
bonding strength. Outstanding shelf life too, (see chart). Try it J SILICONE “"VARSIL" SR 1050 
for that special job which demands the highest quality tape. 


@ Available single or double faced. @ Agents in principal cities. 
@ Complete test data free samples available, on request. 


NEW JERSEY WOOD FINISHING COMPANY 
MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES ¢ VARNISHED "FIBERGLAS''t CLOTH AND TAPES ¢ VARNISHED SILK AND SILK 8UB- 
STITUTE © SYNTHETIC RESINOUS TAPES ANDO EXTRUDED TUBING ¢ POLYETHYLENE, SHEETS, TAPES ANDO EXTRUDED TUBING 
® CABLE WRAPPING TAPES ¢ "VARSIL" SILICONE VARNISHED "FIBERGLAS''t CLOTH AND TAPES © "VARSLOT” COMBINATION SLOT 
INSULATION: -RAG PAPER AND VARTEX VARNISHED CAMBRIC ¢ FISH PAPER AND VARTEX VARNISHED CAMBRIC @ RAG PAPER ANDO 
"MYLAR'® POLYESTER FILM © ASBESTOS PAPER AND "MYLAR''* POLYESTER FILM © KRAFT PAPER AND "MYLAR* POLYESTER FILM 
® VARTEX VARNISHED "FIBERGLASS AND "MYLAR'® POLYESTER FILM . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mylar, DuPont's registered trademark TFibergias, Owens-Corning Fibergias registered trademark 
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Heart of many a good product’s 
ormance is the “Diamond 
” switch or thermostat that 
gives positive, dependable con- 
trol over years and years of 
service. Simple in design, rugged 
in construction, ‘‘Diamon ‘as 
controls make sense costwise. 


ROTARY SWITCHES 


Series 910, 390 and 240 switches 
provide a variety of circuit pos- 
sibilities with amperage and 
horsepower ratings surprisingly 
big for the small size of the con- 
trols. 390’s, for example, carr 
ratings to 25 A at 120/240 V, 
and 1 HP at 120 V, 2 HP at 240 
V, AC, but their bases measure 
only 14”"x1"x %”". Single or 
double pole, 2 to 12 positions 
with stops as required. Spindles 
may be extended through the 
back of the base to permit gang- 
ing of mechanical or electrical 
controls. 


SNAP-INS 


Develo first by ‘‘Diamond 
H”’,, “Snap-Ins” make wiring 
and assembly a cinch. Single- 
pole and double-pole ‘‘single 
throw” toggle and momentary 
contact switches rated 12 and 
20 A, 125 V; 10 A, 250 V, AC. 
Horsepower ratings also avail- 
able. Matching pilot lights, con- 
venience outlets and intercon- 
necting load plugs... all in your 
choice of colors. 


THERMOSTATS 


Accurate calibration, consistent, 
low-differential and positive, 
over-the-center snap action are 
oma Se reasons why ‘“‘Dia- 
mond H”’ thermostats are chosen 
by makers of the most modern 
electric ranges on the market. 
Ratings to 25 A, 125/250 V, 
AC. Spindles and mountings as 
uired. 

“Diamond H” engineers will be 
happy to work with you to de- 
velop special variations of these 
or other “Diamond H”’ controls 
to meet your specific require- 
ments. Ask for a free copy of the 
“Diamond H”’ Check List of Re- 
liable Controls. 


HART “unc 


211 Bartholomew Ave., Hartford, Conn. 
Phone Jackson 5-3491 
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little layer of jam on top of the butter on 
top of the bread,” is the way Loewe de- 
scribed this attitude. 

To European motor manufacturers, ex- 
port business is a must, and it is not un- 
usual for them to be set up to turn out 
motors to as many as 17 different national 
specifications, of which NEMA is_ but 
omic. » 


Coming up... 

July will bring the seventh article in 
our new Basic Science and Engineer- 
ing series: The Electric Field. Covered 
will be electrostatics, electric fields in 
free space, electric induction and ca- 
pacitance, and mechanical considera- 
tions. July brings too Part 4 of the 
series on Automatic Control System 
Design: Design by Transfer Function 
Methods. Also treated in this issue will 
be Heat Exchangers for Cooling Electronic 
Equipment, Servo-Type D-C Torque 
Motors, Numerical Controller with Mag- 
netic Counters, Telephone Dial Numerical 
Control, Smooth-Running Anti-Friction 
Bearings, Microwave Dielectric Materials, 
Glass Polyester Laminates for Switchgear, 
Spectrum Analysis, Mechanical Design of 
Control Cabinets, and a. staff-written 
report on the annual Oklahoma Relay 
Conference. 


THIS MONTH’S COVER 


Shock waves and vibration oscillations set 
the stage for this month’s 20-page Basic 
Science and Engineering article, “The 
Fundamental Nature of Shock and Vibra- 
tion,” starting on page 89. Both the theo- 
retical aspects of this critically important 
subject and the application of theory to 
testing are discussed. In the cover back- 
ground, a Falcon missile is shown under 
vibration test at the Hughes Aircraft 
Company. This illustration strikes an ad- 
vance note for a_ soon-to-be-published 
article, “Vibration Testing—Its Contribu- 
tion to Design,” by J. A. Ross, VP of 
R & D, Ling Electronics, Inc., Culver 
City, Calif. 
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OPEN OUT FOR CONVENIENCE 


Electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by August |, 1959 
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and editorial pages. 
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further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
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tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
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of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 
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Skinner introduces Two-Way Solenoid 


New High Pressure Models just added 
to the Skinner two-way Type R series 
line of pilot-operated solenoid valves 
are offered in two-way normally closed 
construction only. Orifice size is “4” 
diameter with 44” NPT ports. Operat- 
ing pressure differentials: 5 to 1250 psi 
on AC voltages and 5 to 1000 psi on 
DC voltages. Designed for use with 
such media as air, oil, water and semi- 
corrosive liquids. 


Standard Pressure Two-way R Series 
Valves. These two-way valves are 
available in standard and explosion- 
proof construction, normally open or 
normally closed. Pressure operating 
differentials are 5 to 200. psi for nor- 
mally closed and 5 to 150 psi for nor- 
mally open. 


Features. New Skinner Models are 
built to U. L. requirements in standard 
and explosion-proof construction. V5- 
2H type solenoid operator contains 
stainless steel internal parts to resist 
corrosion. Valve body is forged naval 
brass and contains stainless-steel pis- 
ton assembly, precision machined to 
close tolerances for positive opening 
and closing of the main orifice. 


rt 

Many Desirable Features: Standard 
pressure R series two-way valves have 
V5 type operator; stainless steel inter- 
nal parts; naval brass body; stainless- 
steel piston assembly; soft synthetic in- 
serts for bubbletight operation. Nor- 
mally open models have piped-body 
return. Valve can be mounted in any 
position. 


Variety of Coil Voltages. Standard 
coils, built to U. L. standards, are var- 
nish-impregnated and moisture-resist- 
ant. Molded waterproof coils are 
available that will even operate under 
water and are resistant to fungus 
growth. Coils are available in wide 
range of voltages and frequencies. 


Custom Installation with these Op- 
tions. There is a large selection of 
electrical housings that can be rotated 
360° for easy connecting. Also avail- 
able is manual override that permits 
opening or closing the valve in the 
event of current failure. 


Skinner Solenoid Valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept.386. 


VALVES 


THE CREST OF QUALITY THE SKINNER ELECTRIC VALVE DIVISION + NEW BRITAIN, CONNECTICUT 
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From the shaft 
out through 
the Leland nameplate... 


Single phase — 
capacitor stort, 
induction run 


Polyphase 


... integral horsepower motors by Leland 
offer proven quality. Created and built with the same design flexi- 
bility, quality materials, and inflexibly rigid quality control that 
keep Leland the world’s leader in motors for the petroleum in- 
dustry, where Leland Underwriters’ Listed fractionals and inte- 
grals outsell all others combined. Here are several of many 
reasons why specifying Leland integrals for almost any use 
means specifying lifetime satisfaction. 


Dayton 1, Ohio 


Division of American Machine & Foundry Company 


An? THE LELAND ELECTRIC COMPANY 
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1. FULL-STRENGTH PROTEC- 
TIVE EXTERIOR—one-piece cast 
iron center frame with double- 
supported base mounting pads— 
super-rigid throughout. Cast 
iron end-frames carefully ma- 
chined provide absolute bearing 
support and alignment, and es- 
tablish uniform air-gap. 


2. BEARINGS — Oversize, double- 
shielded, with high radial and 
thrust capacity—pre-lubricated. 


3. ROTOR ASSEMBLY -— virtu- 
ally indestructible, solid pres- 
sure cast aluminum, integrally 
cast double fans, shafts ground 
all over. Skewed rotor slots and 
controlled balance for quiet, vi- 
brationless power. 


4. STATOR ASSEMBLY —a su- 
perior electrical and mechanical 
construction. Pressure stacked 
core of uniformly punched and 
scientifically annealed lamina- 
tions gives superior magnetic 
characteristics. Cuffed, lami- 
nated mylar slot insulators, plus 
slot feeder insulator, protects in- 
sertion of heavy formvar insu- 
lated copper windings, then 
secured with waxed maple pegs. 
Inter-phase protective insulation 
and sleeved lead stubs are all 
double linen cord laced; finally 
the entire assembly is pre-heated 
and double dipped and baked in 
synthetic insulating varnish. 


5. CONDUIT BOXES-—Large 
capacity, diagonally split box 
makes easy connections a cinch 
on polyphase motors. Single 
phase units further provide a 
convenient terminal board plus 
ready access to capacitors or 
thermal—all in an ample cast 
iron box. Either type mounts up, 
down, right, or left. 


For more information, con- 
tact our representatives in all 
principal cities, or write or wire 
us direct. 
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Engineered by Tinnermanu.«. 


NEW SPEED CLIP* 
ANCHORS WIRES, 
CABLES, TUBING, 
RELIEVES STRAIN, 
SIMPLIFIES ASSEMBLY 


Made specifically to attach cables, wires, 
harness, or tubing firmly to panels, this newest 
Tinnerman SPEED CLIP is readily snapped into 
place in only 3 simple steps. Prelatch it on 
the conductor or tubing, insert SpeeD CLIP in 
panel hole, then push home to lock. Assembly 
costs are reduced because assembly time is 
cut to the minimum. 

Tinnerman SPEED C Ips also serve as trouble- 
free strain-relief clamps—they are used exten- 
sively on appliances for attaching 3-wire round 
or horizontal section rib cord, and easily with- 
stand the 35-pound pull test requirements. 
Double latch permits pre-assembly and accurate 
retention of Speep CLips to wire or harness 
before panel assembly for further savings in 
assembly time. Double-rib retainers grip tightly 
on round or rectangular cords from .175” round 
to .306 x .515” rectangle. Important, too, 
Speep C.Iips can easily be removed from the 
mounting side. 

Ask your Tinnerman sales representative 
for samples and prices. He’s listed under 
“Fasteners” in most Yellow Pages. Or write to: 


TINNERN™MAN PRODUCTS, INC. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS — 


GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. 
, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heideiberg. 
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There’s 


Refinements in Resistance Welding, here being 
investigated by a Mallory metallurgist, enable 
us to apply this and other joining techniques 
most effectively to your contact problems. 


Resistance Brazing section of our contact 
assembly department specializes in this tech- 
nique for attaching contacts to backing 
members. 


Automatic assembly cuts cost 20% on typical 
leaf contact assembly in the Mallory fabri- 
cating department... is typical of specialized 
facilities ready to work on your contact 
assemblies. 
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Always a BEST Way 
to Assemble Contacts 


Both the performance and the price of a contact 
assembly depend on how the contact material is 
attached to the backing member. During the 
decades that Mallory has specialized in electrical 
contacts, we have developed techniques for work- 
ing with contact materials which are unfamiliar 
to many metal-working departments. Our contact 
engineering staff can save you time, trouble and 
money, by recommending the assembly method 
best suited to your specific problem. 


Mechanical assembly by riveting, hot upsetting 
or spinning, lends itself to economical, automatic 
operations . . . is most applicable to small contacts 
of low current ratings. 


Resistance welding offers superior mechanical 
and electrical characteristics. Our metallurgical 
specialists have extensive experience in welding 
techniques, and have developed many unusual 
ways to use projection welding, wire welding, and 
specialized resistance and arc methods for making 
high strength, heat-resistant joints. 


Brazing has broad applications to large and small 
contacts and readily adapts to mass production. 


We are well experienced in all variations of this 
method, such as selective atmosphere furnace 
brazing, resistance brazing, induction brazing, 
torch and radiant gas brazing. 


“Cast-on"” techniques are used to join certain 
Elkonite”® contact materials to copper backing 
members, providing a high strength, homogeneous 
joint. Brazing alloys or fluxes are not needed. 


We'll be glad to recommend the best way to 
assemble your contacts. Let us quote on doing 
the assembly job for you, and show you how you 
can simplify your buying and scheduling, get 
better contact life, and often reduce total costs 
substantially. Just write or call for a consultation. 


MALLORY 


P. R. MALLORY & CO. Inc., 





INDIANAPOLIS 6, INDIANA 


Mallory Contact Service Gives You... 


Engineered contact materials. T'ypical of Mallory 
research in contact metals is this spectroscopic study of 
arc phenomena in our laboratory. From years of pio- 
neering in contact materials and powder metallurgy 
has come a broad range of Mallory materials . . . includ- 
ing silver, platinum, palladium and their alloys; 
Elkonium® contacts; silver semi refractory composi- 
tions; tungsten, molybdenum and heavy duty Elkonite 
metals. This uniquely complete line is sure to match 
all your contact requirements. 


Cost-cutting design assistance. Mallory specialists have 
collaborated with customers in the design of thousands 
of contacts in a variety of types, materials and con 
figurations. Our value-minded design service helps you 
cut corners without sacrificing performance, by recom 
mending simplified construction . . . eliminating unneces 
sary “‘frills’’... selecting contact materials accurately 
for service requirements . using standard shapes 
where possible. Let us consult on your current or future 
designs; we can probably do the same for you. 
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Almost Anyone Can 
Make Solenoid Parts, But... 


Headache-Free Solenoid Application 


Takes Machine Tool Precision 


There may be solenoid appli- 
cation problems that we 
can’t solve, but . . . we have 
yet to find one. It’s simply 
because we are machine tool 
builders and fully understand 
the basic problems of con- 
verting electrical energy to 


mechanical energy. We’ ve been at it for over 
70 years. It’s the reason why Namco solenoids 


For Example: 


Operating in an arc with- 
out proper linkage will 
cause incorrect seating of 
the plunger . . . allowing 
the solenoid to draw par- 
tial inrush current contin- 
vously. This will cause 
overheating and eventual 
malfunction of the solenoid. 


CORRECT INCORRECT 


have superior electrical and mechanical 
characteristics and why we can assure you 
of the one other factor that truly determines 
solenoid life...proper application. 

Namco standard solenoids are available 
in a wide range of push and pull types. 
Custom-engineered solenoids in every size, 
capacity and type can be made to meet your 
specifications. Write us about your applica- 
tion problems stating specific requirements. 


National 


The National 


Acme Company 
re e 176 E. 13lst Street 


Cleveland 8, Ohio 


Sales Offices: Newark 2, N.J.; Chicago 6, Ill.; Detroit 27, Mich. 
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| 
Some Ideas for your file of practical inf 
l 


One of the ways to judge a skilled crafts- 
man is by the tools he uses. They're in- 
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And, 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E. 


It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&E 
dealer whenever you can. It’s a liberal edu- 
cation on what’s new — as well as what’s 
tried and true — in drafting equipment. 


You'll find many products like these which 
can be highly useful in your work... 


K&E “Quick Set'' Bow Compass 


The most remarkable feature of this com- 
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs will 


expand automatically. Stop approximately 
where you want, and make precise adjust- 
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then adjust 
precisely. 


The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed,of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully. 
Two types are available. The N1071 fixed 
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leg pencil compass, and the N1070 com- 
bination with interchangeable pen and 
pencil inserts. Both come with a box con- 
taining leads and spare needles. And with 
the N1070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the’ pen- 
cil insert. 


Marathon® Ruling Pens 


K&E Marathon Long Line and Wide Line 
Ruling Pens (1092) hold an extra large 


I'd like more information on: 
[] K&E Quick Set Compass 
[] Marathon Ruling Pens 


Name & Title 


Company & Address 
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ormation on drafting and reproduction 
from | 
L_—_—_——— —~—-~ KBUFFEL & ESSER CO.-———-—-—-——— J 


KEUFFEL & ESSER CO., Dept. an 


Please send me the name and address of my nearest K&E Dealer. 
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ink supply — draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com- 
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 
edged. 


An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you'd use pencils. 
They're easy to clean, too. 


K&E Marathon Long Line Ruling Pens are 
available individually in line widths of 
.006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
Line Ruling Pens come in line widths of 
.030 and .060 inch. 


Leroy” Height and 
Siant Control Scriber 


A versatile new Leroy scriber is now avail- 
able which greatly expands the variety of 
lettering possible from a standard Leroy 
template. 


Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45 

forward. You can 

vary height from 

60% to 150% of 

the size of letters 

on the template 

used. The width 

of letters remains 7 

the same. 


Combinations of height and slant can be 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight- 
en. That's all there is to it, 


Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below... 


‘ Hoboken, N. J. 


[] Leroy Height and Slant 
Control Scriber 


2 


Leaner wan ewee a 


tS 
~ 





Phelps Dodge Applied Research has developed 
many outstanding magnet wires that anticipate 
the requirements for advanced insulation 
system designs. This widely diversified group 
of Phelps Dodge “‘firsts’”’ includes: 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 
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Magnet Wires that 
pace the Industry 
come from 

Phelos Dodge! 


SODEREZE® (solderable); FORMVAR (square and rectangular) 
BONDEZE® (self-bonding); S-¥Y BONDEZE® (solderable self-bonding) 
GRIP-EZE® (solderable self-gripping) 


F #, : rr 


NYLEZE® (solderable); THERMALEZE® B (round film) 


THERMALEZE® F (round, square, rectangular film) 
DAGLAS” (flexible glass) 


DAGLAS® H (flexible glass) 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 


TO MARKET! 
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SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ILLUMINATING ANSWERS 
FOR COMPUTER PROBLEMS 


A newcomer to the Hetherington indicator light line is this low-cost series 
for analog and digital read-out devices, computers, and a host of precision 
instruments. Dubbed the “Digicator’” series, these subminiature lights pro- 
vide an attractive, easily-mounted display of numerals, letters or symbols 
in minimum space. 


Figures engraved on black plastic lenses are boldly illuminated by midget 
flange-base AN3140-type incandescent or neon lamps. Serrated spring metal 
fingers snap lenses and lamps into positive contact—yet allow lenses to be 
freely rotated to position the figures. A slight pull removes both lens and 
lamp in one operation for quick, front-of-panel lamp replacement. 


Digicator light sockets are available individually, in strips, or as special 
assemblies to meet individual requirements. To allow lights to be grouped 
closely together, the usual mounting nut and lock-washer have been re- 
placed with an integral collar which is flared to the mounting surface—like 
an eyelet—using an inexpensive flaring tool and anvil. 


Special patch cord plugs are available to convert any group of Hethering- 
ton Digicator sockets into a complete, low-cost program board. Simply by 
substituting patch cords for desired lens and lamp assemblies in a read-out 


Push-On, Push-Off 
Switching 


FOR SAFETY AND CONVENIENCE 


™ 


Hetherington ‘‘Push-Push’’ Switches 
have long been familiar to airline passen- 
gers as reading light switches. Now, they’re 
also finding important new industrial uses 
where their maintained contact pushbut- 
ton action offers added convenience and 
sales appeal, as well as eliminating the 
hazards of protruding toggles. 

Both types have sturdy escapement- 
type mechanisms that provide positive 
snap action with moderate operating pres- 
sures, The large J100 Series carries a husky 
15 amps (inductive) at 28v dc. The con- 
siderably newer, and smaller J4000 Series 
measures only 1!°%” overall, yet carries a 
full 3 amps (inductive) at 28 volts. 

Dimensions and full specifications on 
Hetherington ‘Push-Push"’ switches will 
gladly be sent on request. 
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panel, for instance, electrical signals can by-pass the visual stage and feed 
other equipment directly. 


Full details on the entire Digicator line are shown in Hetherington’s new 
four-page Data Bulletin L-4—available upon request. 
Circle 122 on page 17 


MOISTUREPROOF SWITCHES 


Discipline 10 “Airborne Amps’’ 


Ordinary “earth-loving amps” are fairly 
well behaved and reasonably predictable. 
Put them on a plane, however, and it’s 
a different story. Combinations of alti- 
tude, humidity, and cramped quarters 
make them a bit tipsy and rambunctious 
—often setting off heated battles with 
nearby components. 


For years now, Hetherington W100 
Series pushbutton switches have success- 
fully chaperoned these charges on thou- 
sands of military and commercial flights. 
Specially trained by MIL-S-6743 in the 
care and handling of amps, these tiny 
snap-action switches resist salt spray, cor- 
rosion, shock, vibration and most other 
temptations. Each can keep 10 amps 
(@ 28v dc, resistive) in tow for more than 
25,000 operations before its equanimity 
becomes disturbed. 

The entire Hetherington W100 Series 
includes six different contact arrangements 
and three button styles. There’s also a 
choice of eight plain- or color-anodized 
aluminum mounting adapters—including 
MS25089 types A thru E. Dimensions and 
full specifications are shown in Bulletin S-2, 
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HETHERINGTON INC. DELMAR DRIVE, FOLCROFT, PA. « 139 Illinois St., El Segundo, Calif. 


NOW 


IN LARGER FACILITIES TO SERVE YOU BETTER 


A Controls Company of America Subsidiary 
ELECTRICAL MANUFACTURING 
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BRUSH 
RECORDER MARK II 


~ New Oscillograph Package 


AS “IDIOT-PROOF” AS YOU’VE HOPED FOR 


Built-in amplifiers 
Permanently calibrated 
Instant paper loading 
“White glove” writing system 


— brush INSTRUMENTS 


DIVISION OF 
377 AND PERKINS CLEVELAND 14, OHIO 
CORPORATION 


JUNE 1959 Circle 125 on page 17 





Solve Your Adjustable Speed Problems 


TEGEULE 


DIVISION 
RYAN Cal ian 


\N 
OSHA Se Lescseane 
KENY 


7 40ely 


with 
this 
Combination 


COMPANY 


AJUSTO-SPEDE. 


ls your problem is in the field of speed 
control, tension control, power transmission, or 
testing, Dynamatic Eddy-Current Equipment is the 


ideal solution. Dynamatic Ajusto-Spede Drives, 


Couplings, Brakes, and Dynamometers are solving 
these problems in virtually every industry—in both 
plant machinery and end product applications. 


Dynamatic equipment can do the same for you. 


a 


The New Quill-Type Ajusto-Spede 
Drive provides controlled adjustable 
speeds for applications from 14 HP 
through 7!/, HP. Together with the new 
K-2 Electronic Control and push-button 
station, this new Ajusto-Spede Drive 


comprises a compact, low-cost, 3-unit 


drive package. 


Send for Ulustrated Descriptive 
Literature Covering New Models 
ACM-903 and 904 Ajusto-Spede Drives 


*When You See the Name Ajusto-Spede You Know it’s an Eaton Product 


EATON 


3307 FOURTEENTH AVENUE * 


Ajusto-Spede Drives and other Dynamatic units 
offer the important advantages of rapid response, 
wide speed range, quiet operation, low power loss, 
low maintenance costs, and stepless adjustable speeds 
from an AC power source. 

For complete information about Dynamatic 
problem-solving equipment, check with your local 


Eaton-Dynamatic representative or distributor. 


) Red tint indicates 
adjustable speed member. 

——— DYNAMATIC DIVISION 

MANUFACTURING COMPANY 


KENOSHA, WISCONSIN 


PIONEER IN EDDY-CURRENT EQUIPMENT 
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485 LEXINGTON AVE., New York City 


URIS BROTHERS, Owner and Builder 
ALFRED J. KLEINBERGER, Electrical Engineer 


iui 


Busi r 


oe ee 


re 


EMERY ROTH & SONS, Architect 
FISCHBACH & MOORE, Electrical Contractor 


Electrical Protection g0es MODERN with BUSS Fuses 
at 485 Lexington Ave., New York, N. Y. 


In keeping with the modern trend the electrical protection for this 
new 30 story office building is BUSS Hi-Cap and FUSETRON 


dual-element fuses. 


No other type of protective device can match fuses in providing 
the high interrupting capacity and dependability required for to- 


day’s circuits. 


BUSS Hi-Cap fuses have a NEMA interrupting rating of 200,000 
amperes rms symmetrical. FUSETRON dual-element fuses have a 
NEMA interrupting rating of 100,000 amperes rms symmetrical. 


WITH FUSES SAFE PROTECTION 
REMAINS SAFE! 

Unlike mechanically operated 
devices, a fuse has no hinges, 
pivots or contacts to stick or get 
out of order. Dust, fumes, corro- 
sion or age cannot increase a 
fuse’s capacity or lengthen its 
blowing time. 


If a fuse does blow, there is no 


$559 


recalibration needed. As quickly 
as the fault in the circuit is cor- 
rected, you slip in a new fuse, 
that has been CALIBRATED AT 
THE FACTORY BY ENGINEERS. 


for more information 
On BUSS Hi-Cap Fuses... 
write for bulletin HCS 


On FUSETRON dual-element Fuses... 
write for bulletin FIS 


Main Switch Board — 

BUSS Hi-Cap 

and FUSETRON fuses 
Estimated available fault current is 
between 140,000 and 150,000 amperes 


Distribution Panels PROTECTED 
BY FUSETRON FUSES 


nt BUSSMANN MFG. DIV. McGRAW-EDISON CO. ST. LOUIS 7, 
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MOUNTING 
NY UAL AS 


Cradle bases, both solid and resilient, allow 
rotation within base 


You can rotate the Form G motor 
within the cradle base to take advan- 
tage of its drip-proof design, or you 
can position the motor with the ca- 
pacitor at various 
angles for tight- 
squeeze applica- 
tions. Or, you can 
remove tlie cradle 
base if you don’t 
need it for your ap- 
plication.G-E Form 
G mounting versa- 
tility can mean 
greater design flex- 
ibility for you! 


‘ 


GENERAL @@ ELECTRIC 


PRUE 
mT 


Now you can reverse Form G shaft rotation 
in less than 10 seconds 


No need to specially order motors to 
meet your rotation requirements. 
G.E.’s Form G motor features a new 
wiring method that lets you change 

rotation in seconds. 


—_ Quick connectors 


ri make the change 
A fast and positive. 
. ] } Just interchange 
pee sd the two motor 
p leads on the termi- 
nal board. That’s 
all. Require fast, 
easy rotation 
change? The Form 

G is your motor! 


GENERAL @@ ELECTRIC 


DESIGN ENGINEERS... 


SIX WAYS 


EASY, DIRECT 
WE 


Close end shield tolerances allow direct 
mounting without costly machining 


General Electric standard Form G’s 
can be mounted directly on your 
product without expensive machin- 
ing or costly brackets. Close end 
shield tolerances, 
plus inherent shaft- 
to-end shield con- 
centricity, lets you 
mount General 
Electric’s Form G’s 
withsimple through 
bolts. This feature 
could be a real 
money saver for 
you. Why not in- 
vestigate it today? 


GENERAL @@ ELECTRIC 


JUST ASK YOUR GENERAL ELECTRIC SALES ENGINEER 
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costs with General Electric Form G motors... 


ORE VERSATILE 


sill 


UNAS Ei 
BN 


Unique sliding plates on terminal boards 
make voltage change simple 


Reduce inventory, simplify order- 
ing! You can change General Elec- 
tric Form G motors from 115 v to 
230 v operation (or vice versa) in 
1/5th the time, 
without confusion 
and error. No spe- 
cial tools required! 
A screwdriver is all 
you need. Just 
loosen the four 
screws, pivot the 
plates to the new 
position and tighten 
the screws. That’s 
all there is to it! 


GENERAL @&@ ELECTRIC 


ae tae 
ee 


Special bearing and oil retention system 
permits mounting in any position 
Mount it horizontally, vertically— 
even upside-down—the new Form 
G has the versatility to match the 
design and space requirements of 
your product. An 
advanced bearing 
and full oil reten- 
tion system allows 
you to mount the 
Form G in any po- 
sition and still be 
sure of getting 
faithful motor per- 
formance. In any 
position, Form G’s 

do the job! 


GENERAL @@ ELECTRIC 


Full line of Form G’s means the right motor 
for every application 
There’s a standard Form G motor to 
meet your exact product require- 
ments. No need for costly specials. 
Over 850 basic models—and thou- 
sands of variations 
—are available on 
a mass-production 
basis. Let your 
General Electric 
Sales Engineer 
show you the all- 
around versatility 
of Form G motors 
and how they can 
provide important 
savings for you! 
702-92 


GENERAL @@ ELECTRIC 


ABOUT THE NEW FORM G “EXTRA VALUE” FEATURES 


JUNE 1959 


Circle 128 on page 17 





Simpron 
e 
CLAPSEO Time INDICATOR 


TOTAL HOURS 
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available from stock 
or custom-built 
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AC VOLTS 
wECTWeER TYPE 


Seren 


METER RELAY 


° METERS FOR EVERY NEED 


ELECTRIC ® COMPANY 


5205 W. Kinzie St., Chicago 44, Ill. 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


ELECTRICAL MANUFACTURING 


Miles and miles of “Lecton” insulate 960 
giant magnet coils for Brookhaven’s 25-30 
billion electron volt AGS proton accelerator. 
The coil manufacturer, National Electric Coil 
Co. of Columbus, Ohio, found only “‘Lecton” 
had the balance of properties needed... 
unique compatibility with bonding resins, 
strength, thermal stability and handling ease. 


\ 
\ 


SP <a 


DU PONT INDUSTRIAL 
COATED FABRICS 
SHEET STOCKS «+ CEMENTS 


Better Things for Better Living ... through Chemistry 
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AT BROOKHAVEN... 


Du Pont Lecton helps keep protons 
“in orbit” at near the speed of light 
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The “Lecton"-insulated coils are assembled into 240 15-ton 
magnet sections. These are installed in a Ye2-mile circular 
tunnel at Brookhaven National Laboratory to form a mammoth 
ring magnet for the Alternating Gradient Synchrotron — man's 
newest, biggest tool for probing the heart of matter. Magnets 
will pilot protons whirling at near the speed of light 
through a vacuum chamber centered in gap between poles. 


Investigate the unique combination of prop- 
erties offered by ‘‘Lecton’’* acrylic-resin- 
coated glass fabric. “*Lecton” surpasses Class 
B requirements—can be used continuously 
at 130°C., intermittently to 155°C, Rela- 
tively high humidity has little effect on its 
dielectric strength. It is highly resistant to 
most solvents, transformer and lubricating 
oils, fluorinated hydrocarbon refrigerants, 
and has excellent physical strength and 
thermal stability, Tests show good resist- 
ance to beta-ray radiation. 


Du Pont makes “Lecton” in continuous 
rolls of single-ply material or multiple-ply 
laminates to meet a wide range of insulation 
needs. It can be used for slot liners, phase 
separators, end-turn insulation, top sticks, 
midsticks, panel boards, layer insulation, 
cores, spacers or wrapping for lead cables. 

For more information on “‘Lecton”’ and 
how it may be used in your operations, mail 
the coupon or write E. I. du Pont de Ne- 
mours & Co, (Inc.), Fabrics Div., EM- 96, 
Wilmington 98, Delaware, 


***LECTON” is Du Pont’s registered trademark for its acrvlic-resin-coated fabrics, 


Name untae 
Firm 
Address___ 


City 
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E. 1. du Pont de Nemours & Co. (inc.), Dept. EM-96, Fabrics Division, Wilmington 98, Delaware 


Please send me more information on new “Lecton’’-coated fabric insulation materials with 
superior refrigerant and temperature resistance, | am interested in using “Lecton”’ fabric for 
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FOUSE /; HINDS 


a ® 


ELECTRICAL CONNECTORS 


@ Foolproof polarization ¢ Errorless assembl 
@ Maximum interchangeability ¢ Environmental: 
Exceed rigid military and industrial requirements 
for resistance to corrosion, chemicals, high and low 
temperatures, pressure, shock, vibration, dust, 
humidity, moisture, and leakage of air. 


POSITIVE POLARIZATION 


Completely foolproof: plug can be mated only with 
proper receptacle, and in only one way .. . the right 
way. Unsymmetrical contact arrangements preclude 
improper mating of contacts, or mating of unmatched 
contact configurations. 


FAST, EASY, ERROR-FREE 
ASSEMBLY 


Polarization keyways and unsymmetrical contact 
arrangement in insert assemblies make improper assem- 
bly of parts impossible. One-piece ‘snap-in’ connectors. 
Soldering is done outside... before insertion of contacts. 


SEALED AGAINST 
ENVIRONMENTAL FACTORS 


‘Stack’ assembly includes silicone rubber wafer for 
impenetrable seal against water, vapors, dust, gas. Basic 
shells, other metal parts are high-strength extrusions of 
aluminum alloy, anodized for corrosion, abrasion resist- 
ance: 1800 volts are required to penetrate this coating. 


MAXIMUM INTERCHANGEABILITY 


Components in each diameter are interchangeable 
and reversible, doubling scope of equipment. Male and 
female shells take either pin or socket inserts: both plug 
and receptacle may be used ‘hot’ or ‘dead’. Pin and 
socket configurations available in wide range . . . specials 
supplied on request. 


SHELL SIZES and 
ELECTRICAL RATINGS 


Four shell sizes: from 1-1/16” to 2-9/16” 
diam. Voltages: Military Service Ratings: 
A, D, E, B, C and Instrument. NEC Rating: 
600V. A.C. Contact sizes: #16 to #4/0 in- 
clusive. Write for Bulletin 2711 containing 
complete descriptions, specifications and con- 
figuration patterns for both Type RPE and 
RPC ARK-trol Electrical Connectors. 


PGE GMP SS 


NEW YORK 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
Los Angeles Milwaukee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 
RESIDENT REPRESENTATIVES: Albany Baltimore Reading, Pa. Richmond, Va. 

CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. CROUSE-HINDS INSTRUMENT COMPANY, INC., SILVER SPRING, MARYLAND 
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Engineered/ wire for engineered products 
supported / by complete factory stocks 


Magnet Wire 


105C (Class A), oleoresinous, P.E.—BELDENAMEL*. Most uniform 
diameters of any film-coated wire (except Celenamel). 


180C -130C-105C (Classes H, B, A) SQUARES and RECTANGULARS. 


Extremely close dimensional tolerances—no ‘‘space"’ problems. 


105C (Class A), solderable Cellulose acetate—CELENAMEL*. 
Most uniform diameters from spool to spool of any film- 
coated wire. 


105C (Class A), Vinyl Acetal—Nylon, NYLCLAD*. The toughest 
film coating of all. 


130C-155C (Class B-F), Polyester—BELDTHERM*. High thermal 
stability, AIEE #57—-155C rating. 


105C (Class A), solderable Polyurethane —BELDSOL*. Solderable, 
eliminates costly stripping operations. 


* Belden Trademark — Reg. U. S. Pat. Off. 


Lead Wire 


Widest range of UL and CSA voltage and temperature ratings. 
Rubber—Neoprene—Silicone—Plastic—Asbestos— insulations with 
and without textile braid—complete factory stocks. 


Engineered wires, tight quality control, assure over-all low-cost 
assembly in your plant—long trouble-free performance in service. 


One Wire Source for 
Everything Electrical & Electronic 


Belden 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire + Lead Wire * Power Supply Cords, 

Cord Sets and Portable Cord + Aircraft Wires 

A : J 2 Electrical Household Cords ¢ Electronic Wires 
‘ Welding Cable * Automotive Wire and Cable 
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by MACALLEN 


Bonds of superior flexibility and adhesive strength unite the thin films of 
selected India Sheet Mica in MACALLEN Flexible Plate No. 7. Readily 
formed into desired shape without the use of heat, No. 7 is widely used 
for insulating armature slots, transformers, magnet and commutator 
cores, and field coils. It is one of the many MACALLEN Mica Products 
used for greater efficiency and economy by the electrical industry since 
1892. Find your insulation “answer” in our free Catalog 25. Send for 
it today. 


MAIGAIAREINEIVIIGA' 


* ALL FORMS e ALL QUANTITIES 
°e ALL DEPENDABLE 
THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 


CLEVELAND: 1231 Superior Ave. 
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Many a manufacturer reports that installing a Fenwal 
THERMOSWITCH unit resulted in immediate improvement in 
the performance of his equipment! 

“Immediate” is right. Rapid response is one big advan- 
tage because the outer shell is the temperature sensing 
member. Extreme sensitivity — within a fraction of a degree 

— is another. That’s because the slightest movement of the 
shell opens or closes contacts. And within its operating range, 
a THERMOSWITCH unit is field adjustable, yet has a sealed 
tamper-proof assembly to retain its sensitivity and precision 
through a long, useful life. Operating range is from —100°F 
to 600°F . . . three to five times that of any ordinary thermo- 
stat! 

Applications for easy-to-install THERMOSWITCH units are 

Tone Up virtually limitless . . . not only to “‘tone up” existing thermal 
systems, but to insure the long, reliable life that industry 
requires. For more facts write to Fenwal Incorporated, 


Your System 56 Pleasant Street, Ashland, Mass., asking for a catalog, a 


sales engineer, or both. 


... any thermal system... with a sensitive, precise THERMOSWITCH® unit 


In this Sterleo Control, an automatic self-contained unit for 
heating or cooling water to maintain a constant temperature 
while circulating it continuously through a plastics forming 
mold, ‘fa Fenwal THERMOSWITCH unit, No. 17800 with dial 
and knob, fills our requirement for a sensitive, reliable, long- 
lasting thermostat.” So says Sterling, Inc., Milwaukee, Wis. 


CONTROLS TEMPERATURE... PRECISELY 
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QUALITY 


Only 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4 ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 


If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


IRIDITE—-a specialized line of chromate conversion coatings for non-ferrous 


metals. Apply by dip, brush or spray methods 


at room temperature — 


manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Pr oducts, INC. 4004-06 east MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co, 


eri°| Eris" | Ca" ap’ Cz 


Chromate Clear Plating Chemicals & Line of 
Coatings Coatings Grighteners Supplies Equipment 


Chemical and Electro - 
chemical Processes, Anodes, 
Rectifiers Equipment, and Supplies for Metal Finishing 
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Cut Production Costs with 


a STATIC POWER 


Adjustable 


NO MOVING PARTS Static power 
conversion units have replaced the 
conventional M-g set. Ultraflex 
Packaged Drives save up to 50% in 
floor area...up to 75% in weight, 
permitting low cost installations or 
alterations without special handling 
equipment or floor loading prepara- 
tions. 

NO MOVING PARTS Ultraflex Pack- 
aged Drives work perfectly without 
forced ventilation...less power 
wasted as unwanted heat. No power 


Speed Packaged Drives 


robbing friction or windage losses. A 
closed-loop voltage regulation sys- 
tem, current limit control, and static 
field excitation insure peak opera- 
tional efficiency. 

NO MOVING PARTS Simple static 
power conversion units cut mainte- 
nance costs. With Ultraflex there are 
no bearings, commutators, or brushes 
to service. No shafts to align or cou- 
plings to maintain. No inertia loads 
to balance. No fans or filters to clean 
or change. 


Standard Ultraflex Drives provide an 
8:1 speed range with wider ranges 
available upon request. Optional fea- 
tures include dynamic braking, jog- 
ging, reversing, tachometer-generator 
speed regulation, etc. Get all the 
facts, and see how a Cutler-Hammer 
Ultraflex Packaged Drive can provide 
outstanding savings in installation, 
operation, and maintenance. Write 
today for new bulletins EN64-L231, 
and EN65- 231 Cutler-Hammer 
Inc., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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Now...all sizes and shapes 
of SX Magnet Wire 


for every ‘“‘hot spot’’ application 


MAGNET WIRE 


Class F (155°C) 


na 


Rounds, squares and rectangulars also available 
with single and double glass coverings 


VERSATILE GENERAL PURPOSE APPLICATION 
Thermalex-F is not a special wire but 
has properties required for a general 
purpose application and can be used 
through the 105°C-155°C temperature 
range... Class A applications as wellas 
Class F ... eliminating the need for buy- 
ing more than one type of magnet wire. 


44 


TEMPERATURE © (1 
L — _ 





OUTSTANDING THERMAL STABILITY 
A.1.E.€. #57 “Procedure for Evaluation 
of the Thermal Stability of Enameled 
Wire" which is an accepted test, indi- 
cates a 30,000 hours life at 170°C for 
unvarnished specimens. 
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Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 
e R 


Magnet Wire Division 
ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 


Manvfacturing Plants: Birmingham, Ala.; Anaheim, Cal.; 
Fort Wayne, Ind.; Hillsdale, Mich. 


National network of Warehouses and Sales Offices 
«++ Call your local "Essex Man.” 
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this simple fastener 
cut the cost 
of your product e 


Rollpin aids standardization and reduces inventory 


Rollpin readily replaces taper pins, grooved pins, straight pins and 
set screws; it can be used as a locating dowel, hinge pin, cotter pin, 
stop pin or, in some applications, even as a rivet. Thus, when you 
standardize on a Rollpin you can drastically reduce the variety of 
fasteners in your inventory—save money in purchasing, storage 
space and stock handling. 


Rollpin simplifies production processing .. . saves man-hours 


When you use Rollpin you can eliminate costly precision drilling, or 
tapping operations. And there’s no need for any secondary locking 
operation—such as lock wiring or peening. That’s because Rollpin 
is a slotted tubular steel spring whose chamfered ends drive easily 
into standard production-drilled holes, compressing as driven. The 
spring tension against the hole walls retains Rollpins securely 
against severe vibration. Independent studies have shown that in- 
stalled costs of Rollpin are as much as 91% less than those for a 
dowel pin or 95% less than the installed cost of a taper pin. 


Rollpin simplifies product maintenance 


Only a drift pin or standard punch is required to remove a Rollpin. 
The slotted tubular shape and the spring action principle do not 
damage hole walls or enlarge the original hole diameter. Conse- 
quently the same pin is easily re-inserted and can be used again and 
again. Mail our coupon today for the complete Rollpin story. 


Dept. R58-622, E’astic Stop Nu 
Corporation of America same 
2330 Vauxhall Road Titt 
® Union, New Jersey — 
Please send the following free : 
\ fastening information Firm 
C) Rollpin bulletin 


() ELASTIC STOP® nut bulletin Street 
a product of C) Here is a sketch of a fastening 
problem. What ESNA® fastener — State 


Elastic Stop Nut Corporation of America would you recommend? 
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PERMANICKEL alloy offers 


excellent spring properties for high 
temperature service. It also assures 
close cycling amplitude and high 
response in contact-type units with 
differential expansion. 


CONTROL of temperatures now 


stays accurate for years and years 
with Permanickel springs. Perma- 
nickel alloy resists oxidation, retains 
its spring properties even at unusu- 
ally high operating temperatures. 


PERMANICKEL alloy is good 


to remember when you're looking for 
a good spring material. It combines 
an electrical conductivity of 11% 
1.A.C.S.** with top resistance to re- 
laxation at high temperatures. 


*Registered trademark 


TH ERMOSTAT springs rely on 


Permanickel* high-conductivity age- 
hardenable nickel alloy to withstand 
corrosion, too. This super-sensitive 
unit is made by American Thermostat 
Corporation, South Cairo, New York. 


TEMPERATURES of 600°F in 


irons and many other small appli- 
ances can be controlled reliably by 
these Permanickel springs. And for 
short periods of low stress, they func- 
tion perfectly up to 750°F. 


NON-RELAXING Permanickel 


springs are ideal for deep fryers, 
cookers, toasters, steam and flat 
irons—wherever you need good spring 
properties and good electrical con- 
ductivity at high temperatures. 


**International Annealed Copper Standard 


SPRI NGS of other materials were 


tried by American Thermostat design- 
ers, but these suffered a loss of de- 
sired spring qualities, oxidized at 
high temperatures. Then Permanickel 
alloy was tried—what a difference! 


ACCURATELY, quickly, the 


heat level is reached with minimum 
overshoot. American Thermostat 
finds Permanickel springs can en- 
dure repeated thermal shock and are 
unaffected by outside heat sources. 


| 


HIGHLY-CONDUCTIVE 


Permanickel alloy is often the best 
solution to a spring problem. For de- 
tails, phone your local Nickel supplier. 
The International Nickel Company, Inc. 
67 Wall Street wWco, New York 5, N. Y. 


INCO NICKEL ALLOYS 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


For all the 
advantages™ of 
plastic electrical tape— 


or the 
—economy of 
cloth tape... 


...bring your insulating problem 


If you have an insulating problem, your Polyken {oO 
representative can probably solve it. He carries a 


line of electrical tapes with a multitude of uses, 
and he knows how they should be used. 


Look in the Yellow Pages of the phone book for ® 
the Polyken Industrial Tape Distributor nearest O oes Nn 
you. Or write to the Polyken Sales Division, 309 


W. Jackson Blvd., Chicago 6, Illinois. 
ELECTRICAL TAPES 
* Advantages of Polyken polyethylene and vinyl tapes:  “-"-"- eo 


Time-saving - Neater splice te KEN DA LL, comeanv 


Conformable - Less bulky 
High dielectric strength + Waterproof Polyken Sales Division 
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MOTORS 


me tL lett leit] el) 4 


. DuPont Mylar 
cell insulation 


slot 


. Lightweight, die-cast 
aluminum end heads 


. Dependable, silent 
centrifugal switch 


. Precision die-cast 
aluminum rotor 


. Choice of sleeve or 
fully sealed ball bearings 


Ae dc -tet-y ea muir- lel lal ie 
lay =40e ME} Jala 


. Choice of rigid, 
etiam eet le Malesia eial 4) 


R & M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


Rospsains & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 EM 


*DuPont registered trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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New silicone-treated insulations 


break the cost barrier 


New Type 31 and Type 32 Quinterra sheet insulations offer 
unusually good electrical properties at reduced costs, 


Johns-Manville introduces... 


Type 31 and Type 32 Quinterra—100” purified 
asbestos with high silicone resin content 


A combination of 100° purified asbestos 
sheet and high silicone resin content gives 
these new lower-cost electrical insulations 
unusually high performance character- 
istics for Class. H equipment. 


Quinterra, the basic material, is in itself 


a “‘lasting”’ dielectric sheet of highly puri- 
fied asbestos, with fibers tightly and uni- 
formly matted. New silicone treatment 
achieves an unusually high dielectric 
strength of 600 Volts/Mil for the first 
time in lighter calipers . . . with high 
retention of this dielectric strength after 
prolonged temperature exposure. 


Both types feature high tensile strength 


and low moisture absorption factor of 


about 2% after 24-hour immersion. 


- Two light calipers 


Type 31 Quinterra offers 
these additional advantages: 


3.5 and 4.5 Mils. 


. Extremely high 45-50°%% resin content in 


both calipers. 


- High (600 Volts/Mil) dielectric strength 


in both calipers. 


. High retention of dielectric strength after 


temperature exposure. 


Type 32 Quinterra offers 
these additional advantages: 


. New silicone resin for a combination of 


good electrical properties and superior 
saturating characteristics. 


2. 
3. 


6.5, 9.5 and 15.0 Mils. 


Range of dielectric strengths from 600 
Volts/Mil in 6.5 Mil caliper; good dielec- 
tric in 15 Mil. 


Three calipers 


. Range of resin contents running from 


45-50", in lighter caliper to 30% in 
the heavier 15-Mil sheet. 


For complete specification sheets, and 
samples of both these new low-cost 
Class H insulation materials, write 
Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont 


JOHNS-MANVILLE JM 
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Tubexperience in action 


Superior Tube Company is 
one of several suppliers of 
these carbon steel compres- 
sion sleeves to the Alumi- 
num Company of America. 


f 


The strength member in this splice 
is Superior Tubing 


ACSR high-tension cable takes a terrific beating—must hold 
up under the stresses of high winds and of heavy coatings of 
ice that add to the weight of long unsupported spans. A splice 
that joins two ends of cable must be as strong as the rated 
strength of cable itself, or stronger. 


Many power companies and line construction organizations 
use compression sleeves to make such splices—an outer one 
of aluminum to join the current-carrying strands of wire, 
an inner one of Superior cadmium-plated carbon steel tubing 
to join the steel core. The strength of the tubing must equal or 
exceed that of the steel core. It has a tensile strength range of 
50,000-67,000 psi; can be formed under pressure without 


cracking; will flow readily into the mating steel core when 
compressed. 


But valuable as they are for this purpose, compression sleeves 
of Superior Tubing are widely utilized in still another way. 
Often their function is not to serve as strength members, 
but as conductors. 


Compression sleeves are only one of many applications for 
Superior Tubing in the electrical industry. Various analyses, 
both magnetic and nonmagnetic, are available to meet a wide 
range of service conditions. Send for a copy of Bulletin 41, 
containing valuable data on them all. Superior Tube Com- 
pany, 2021 Germantown Ave., Norristown, Pa. 


Syoerrar file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2Y44 in. OD 
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/=DESIGNERS 


SPECIFY P.2B's 
MR RELAY 
WITH 
CONFIDENCE 


ae 


ot 


for a host of control applications 


RELIABILITY coupled with low cost are two 
factors which place the MR series relays high on 
P&B’s best seller list. They are being used in a 
multiplicity of designs... transmitters, street 
lighting equipment and small motor starters, to 
name but a few. 

Both AC and DC models are available, with 
AC coils ranging up to 440 volts. All are adaptable 
for printed circuit mounting. The wide variety of 
contact arrangements include: 

SPST-NO SPST-NC-DB DPST-NC 3PST-NC 
SPST-NC SPDT DPDT 3PDT 
SPST-NO-DB DPST-NO 3PST-NO 

For more information about this medium duty, 
compact relay, call or write today—or get in touch 
with the P&B sales engineer nearest you. See our 
complete catalog in Sweet’s Product Design File. 


LM SERIES: Plote circuit relays 
similar to the MR. All sp and dp 
contact arrangements shown 
above are available. Coils are 
wound to specified resistances up 
to 58,000 ohms max. Sensitivity 
ranges from 15 mw min. (single 
a ty pole) to 70 mw min. (double pole). 
~— _— 


CHOSE EEE EH EHH EEE 


MR SERIES 


Temperature Range: 
DC —55°C. to + 85°C. 
AC —55°C. to +75°C. 
Pull-in: Approx. 75% of nominal de 
voltage; 78% of nominal ac 
voltage. 
Weight: 4 ozs. 
Dimensions: 2°" long x 2%6" wide x 
2” high. 
Mounting: Two %” dia. holes. Can be 
adapted for printed circuits, 
CONTACTS: 
Arrangements: Up to 3pdt. 
Material: 7%" dia. silver. (Others avail- 
able). 
Load: 8 amps @115 volts, 60 cycle, 
resistive. 
COIL: 
Max. Resistance: 34,500 ohms. 


Power: 1.5 watts dc; 3.25 volt-amps ac, 
Will withstand up to 6 watts at 
GENERAL SPECIFICATIONS: 25°C. 


Breakdown: 1500 volts, 60 cycle rms Voltages: Up to 110 volts dc; up to 440 
between all elements. volts 60 cycle ac. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD INC. 


PRINCETON, INDIANA e SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
IN CANADA: POTTER & BRUMFIELD CANADA, LTD., GUELPH, ONTARIO 
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For ALNICO MAGNETS—Stock or Special 
Specify “ARNOLD” 


Waterials 


Cast Alnico Magnets are most com- 
monly made in Alnico V, VI or 
III. Sintered Alnico Magnets us- 
ually are made in Alnico II, V or 
VI. Special permanent magnet ma- 
terials supplied by Arnold include 
Vicalloy, Arnox III and V, and 
Cunife. 


Engineering Data 


Write for your copy of Bulletin 
GC-106C, a general catalog of all 
Arnold products. It contains useful 
data on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler- 
ances for cast and sintered mag- 
nets —also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc. 


ADDRESS DEPT. EM-96 


ro best bet for a source of Alnico 
permanent magnets and assemblies is 
Arnold—producer of the most complete 
line of magnetic materials in the industry. 
We can supply your need for any size, 
shape, or type of Alnico magnet. Weights 
range from small sintered parts weighing 
less than a gram to large castings of 80 
lbs. or more. 

Special assemblies such as rotors, travel- 
ing wave tube and magnetron magnets, 
etc., may be supplied aluminum-jacketed 
for easy mounting and added protection 
of the magnet—and magnetized and sta- 
bilized as desired. Large magnet assemblies 


may also be supplied for mass spectrometer 
and other measuring applications, where a 
high degree of stability and uniformity of 
field is required. 

For your convenience, we carry a wide 
range of the more popular sizes and types 
of Alnico magnets in stock for immediate 
shipment. Unsurpassed plant facilities 
assure quick delivery of all special orders. 

@ Let us handle your permanent magnet 
requirements, or any tape core, powder 
core or other magnetic material specifica- 
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Il. 


wsw 7613 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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TOUGHER! 


REG. U. S. PAT, OFF. 


SCOTCH Polyester Electrical Tapes 


BRAND 


Only with “Scotcn” Brand can you 
put all the amazing strength of poly- 
ester film—the strongest of all plastic 
films—to work in your electrical compo- 
nents. You will Stop breakage dur- 
ing dispensing...Stop breakage during 
application... CUT component costs 
by reducing rejection rate... REDUCE 
lost production time. 


New—and exclusive—methods pro- 
duce tape edges that are smooth and 
nick free. These specially developed 
production techniques give ‘““ScoTcH” 
Brand Polyester Tapes and Films 
superior tear strength and allow 
maximum elongation. 


Electrical grade ‘““Scotcu”’ Brand 
Tapes and Films provide all the advan- 
tages of polyester film: high dielectric 
strength and resistance to moisture 
and chemical action; they are insensi- 
tive to heat and cold and are non-cor- 
rosive. Thin and tough, these products 
give you space-saving insulation you 
can count on—consistently. 


NEED TECHNICAL HELP? 


Your 3M Sales Representative is espe- 
cially trained to assist you in solving 
insulating problems and developing 
insulation systems. You will find his 
experience and advice invaluable in 
solving your product problems; in 


developing new and better ways of 


insulating. Ask to have him call—no 
cost or obligation involved. 
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This unretouched 150x photo shows the 
smooth nick-free edge of “SCOTCH” Brand 
Polyester Film Tape No. 56, compared to 
the easily torn tape with edges resulting from 
usual slitting methods. 


“SCOTCH” BRAND POLYESTER ELECTRICAL TAPES AND FILMS 


Tape Type Description 


Transparent High 


Thickness Overall 
(inches) 


Conductance 
(Micromicromhes) 


.0025 


Although carrying transformers by the leads is 
not recommended practice, it is a common occur- 
rence. The added holding power and tear resist- 
ance of "SCOTCH" Brand Polyester Tapes reduce 
rejection rates. 


NEW BULLETIN 


Gives performance characteristics, elec- 
trical properties, and specification data 
on “Scorcu” Brand Polyester Electrical 
Products. Just write on your Letterhead 
to 3M Co., 900 Bush Avenue, St. Paul 6, 
Minn., Dept. BY-69. 


Temperature Adhesives 


Polyester Mat—Film with .007 


Thermosetting Adhesive 


.0025 


Yellow Thermosetting 
Adhesive 


.0035 


Yellow Thermosetting 
Adhesive 


.0035 


Transparent Thermosetting 
Adhesive 


Oil Resistant Thermosetting .003 


Adhesive 
.0025 


Heat Sealable Polyester — 
Polyethylene Film 


TMiinnesora JYpinine ann [YfanuracturinG comPANY 


eooWHERE RESEARCH IS THE KEY TO TOMORROW 
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Get faster assembly-more dependable 


Better Protected against dripping 
or splashing liquids, this G-E motor is 
suitable for many jobs where an ordi- 
nary dripproof motor cannot be applied. 


Base-mounted Capacitors elimi- Perma-Numbered Leads are al- 
nate bulky capacitor ‘‘top hat,’’ are safe ways easy to identify. Non-wicking 
from physical damage. Easy-to-remove neoprene insulation prevents moisture 
spring clips hold capacitors in place. from running up leads into vital parts. 





Totally-enclosed Transfer 
Switch assures positive contact 
and long life—over 1,000,000 
consecutive operations on test. 


operation for your products .. . 


WITH GENERAL ELECTRIC 7@/ 5) CLAD 
SINGLE-PHASE MOTORS 


eit eo 


Threaded Conduit En- 
trance permits quick, easy 
installation; provides tighter, 
dust-proof seal for conduit. 


HERE’S WHY: 


Perma-numbered leads in theG-E Tri/Clad 
‘55’ motors make connection easier be- 
cause they are easy to identify. Threaded 
conduit entrance eliminates need for in- 
ternal lock nut . . . faster installation re- 
sults. And rigid cast-iron frame and end- 
shields prevent motors from being twisted 
out of line during assembly operations 

make machine operation more dependable. 


THE SMALL SIZE AND LIGHT WEIGHT of 
Tri/Clad ‘55’ standard motors facilitates 
installation on your products; helps reduce 
mounting and shipping costs without 
sacrificing full-power performance. Also, 
G.E.’s dripproof design allows these single- 
phase motors to be used for many applica- 
tions which normally require splashproof 
type motors... you save money. 


FOR LONGER MOTOR LIFE, G-E Tri/Clad 
‘55’ motors feature Mylar* polyester film 
insulation, Formext magnet wire, water- 


*Registered Trade-mark of DuPont Co. 


GENERAL 


SINGLE-PHASE 7JA/) CLAD MOTORS OFFER THESE 


resistant stator coating, and better physical 
protection. Longer motor life, of course, 
results in longer life and increased dependa- 
bility for your products. 


COMPARE G-E Tri/Clad ‘55’ motors with 
other makes of motors. Remember: (1) 
General Electric offers you a complete 
line of single-phase motors to choose from 
. dripproof or enclosed, vertical or 
horizontal, C-face or D-flange, all of which 
meet NEMA standards. (2) You'll also 
be pleased with the exceptionally fast 
delivery you can get and with G.E.’s small 
motor service station plan . a real 
plus in cementing customer relations. 


CONTACT your local G-E Apparatus Sales 
Office now for personal proof of how these 
G-E motors can help cut your costs, 
reduce assembly time, and give longer-life 
operation. And ask for your free copy of 
illustrated bulletin GEA-6240, or write 
Section 840-18, General Electric Com- 
pany, Schenectady 5, New York. 


tRegistered Trade-mark of General Electric Co 
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TIME AND MONEY SAVING FEATURES 


Water-shedding 
Stator Windings 


Cast-iron Frame 


Enclosed Transfer 
Switch 


Manual 
Reset Button 


Convenient 
Nameplate 


Advanced-design 
Bearing System 


More Fully 
Protective Endshields 


Perma- 
numbered Leads 


Mylar Polyester 
Film Slot and 
Phase Insulation 


Solid-cast 
Rotor 


Capacitors 
Enclosed 
in Base 


Standard single-phase Tri/Clad '55’ motor 





| Sure Starts in 


Klixon 20220 sealed control thermostat, 
for mounting directly on the tubing 


through which cooling liquid passes. is achieved. 


Klixon 20200 Thermostat shuts off igni- 
tion current when burner flame ignition 


Klixon CM Circuit Breaker in ignition cir- 
cuit is a safety device to shut off the com- 
plete unit if burner flame does not ignite. 


KLIXON Snap-Action Thermostats Can Take the Beating of Shock 
and Vibration in E. P. Engine Heaters... And in Your Product, Too 


Designers at Engineering Products of Canada Limited 
needed thermostats and circuit breakers that are rugged 
and perform reliably under the beating of road shock and 
vibration in the face of temperature conditions down to 
minus 45°F. For use on all types of vehicle engines, their 
“sure start’ propane fired heaters for engine cooling system 
warm-up called for “‘sure thing’’ temperature control and 
operational dependability. That’s the reason KLIXON 
Thermostats and Circuit Breakers were selected, and here’s 
what Mr. Bernard Champoux, Engineer, says about them: 


“The performance of the thermostats and the circuit breaker 
is very good, even under the very rugged condition of our heater 
being installed on bulldozers where the controls are completely 
exposed to outside weather. The performance is exactly as it 
was expected to be providing dependable operation and safety.” 

Have you an application requiring “‘sure thing’ tempera- 
ture controls? If so, do as so many manufacturers of all 
types of equipment are doing — get the same dependable 
performance — by specifying and using KLIxon Controls. 
Write for Technical Data Bulletins. 


METALS & CONTROLS 


3606N. MAIN ST., VERSAILLES, KY 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
VERSAILLES PRODUCTS: Klixon® and Ampli-Tube® Thermostats 
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Fewer — and Better — 
Technical Meetings! 


HAVE WE REACHED a saturation point in the 
number of technical meetings, symposia and 
conferences? If a representative sampling 
of engineers were to be polled, the answer 
to this question would very likely be a re- 
sounding “Yes!”. There are too many meet- 
ings, at too frequent intervals, on too many 
overlapping subjects. In May, for example, 
almost a score of national meetings of interest 
to readers of this magazine were held under 
various auspices in Philadelphia, Cleveland, 
Dayton, Chicago, Houston, Stillwater (Okla- 
homa) Denver and Fort Wayne. There is no 
count available of other meetings held by 
local sections, on an intra-services govern- 
ment basis, or as university-sponsored semi- 
nars. 

This proliferation of meetings seems to 
have no abatement. Some variant of Parkin- 
son’s Law appears to be in operation. Pro- 
fessional societies continue to grow under 
the stimulus of scientific and engineering 
progress. New committees, local sections, 
special-interest groups, regional divisions are 
formed. The traditional small and informal 
meetings apparently no longer suffice. Local 
sections plan meetings on a regional basis; 
regional units carry through meetings on a 
national basis. Thousands of valuable man- 
hours of voluntary engineering time are con- 
sumed in planning and carrying through 
these meetings. The pressure of program 
chairmen for papers leads to still another 
abuse: papers tend to be repetitive; it is 
not unusual to find the same paper presented 
in slightly different form at several meetings 
during a year. 

There is, of course, no gainsaying the fact 
that the purpose of technical meetings is 
useful. We could no more do without such 
meetings than we could do without scientific 
and technical journals. We need meetings to 
present to our fellow scientists and engineers 


the results of our work, to receive their com- 
ments and criticisms. The personal and 
friendly relationships established at the meet- 
ings are no less valuable. But it is just these 
particular benefits and values of professional 
meetings that are destroyed when meetings 
become too frequent and too unwieldy; when 
the technical content of the programs is al- 
lowed to be compromised; when commercial 
influences are permitted to intrude (as they 
increasingly do!) in order to help the finan- 
cial position of a meeting. Technical meet- 
ings are most productive when the attendance 
is kept within the bounds of close profes- 
sional interest and when the emphasis is on 
discussion, rather than on the reading of 
papers already available in preprint form. 

The present admittedly unsatisfactory sit- 
uation could be remedied by these measures: 

1. The professional societies should con- 
trol and limit the number of meetings held 
on a nationwide basis. This is easily done, 
since the most generally used method of ob- 
taining publicity for a meeting is through 
use of the national-office mailing lists. 

2. All professional societies with over- 
lapping or related interests should establish 
a central clearing house with the responsi- 
bility for approving the dates, locations and 
general themes of national meetings. 

3. A strong effort should be made to spur 
the growth of small discussion-type meetings. 
Meetings such as the “Meetings-in-Miniature” 
held by the American Chemical Society local 
sections furnish a model. 


The design concepts of simplification and 
miniaturization may well be applied to the 
design of professional society meetings! 
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Protective Coatings 
for Missile Printed Circuits 


Guided missiles are required to operate 
with a very low probability of failure. Be- 
cause of the cumulative effect of compon- 
ent failure probabilities on system failure 
probability, the reliability of printed cir- 
cuits used in missiles must be exceptional. 
This report provides data on the formula- 
tion and characteristics of several coatings 
specially developed for missile printed 
circuits. Epoxy and silicone types appear 
to be particularly advantageous. Test pro- 


cedures are also detailed. 


A. E. HAWLEY and W. E. WEBER 
Hucues Researcu AND DeveLopMENT LABORATORIES 
Culver City, California 


THIS REPORT IS CONCERNED with one phase of printed 
particularly 
as required in missile electronic systems. Presently avail- 


circuit technology—the protective coating 
able coatings, although satisfactory in many respects, do 
not meet the requirements now imposed on them. The 
principal functional requirements are: high insulation 
resistance under all conditions, ability to withstand 
thermal shock, and good mechanical strength. These re- 
quirements must be met without prejudice to processing 
characteristics such as pot life, viscosity and toxicity. 
Thus, the primary aim of the work reported here was 


58 


the development of new coating systems which would 
meet the following requirements: 

a. viscosity low enough for spray-gun application 

b. pot life in excess of 25 min 

c. maximum cure time of 2 hr 

d. maximum cure temperature of 85 C 

. coating thickness of about 10 mils per application 

. resistance to thermal cycling from —40 C to +100 

C without degradation 

. resistance to temperatures up to 340 C for 15 sec 

without degradation of electrical properties. 

. insulation resistance greater than 10"! ohms at 95 

per cent RH and 35 C throughout a 96 hr exposure 

i. insulation resistance greater than 10'! ohms at 250 

C (for some applications the temperature limit is 
85 C). 

Other requirements for printed-circuit coatings are 
given in Cited References (1-5).* These references con- 
stitute a history of printed-circuit coating technology 
and show the development of the various requirements. 

The excellent properties characteristic of epoxy coat- 
ings (4, 5) naturally led to an investigation of modified 
epoxies. Polyamide-epoxy systems (6, 7), because of their 
low-temperature cure and their flexibility, showed most 
promise. The main improvement necessary was reduction 
of their viscosity so that they could be used at 100 per 
cent solids content without loss of other properties. 

Because of the high insulation value claimed for 
isocyanate resins in their application as motor and 
transformer insulating materials, they were also con- 
sidered for printed-circuit coatings. Several formulations 
were made and tested, and data on two of the more 
promising formulations are discussed in this report. 

Silicones, owing to their excellent thermal and elec- 
trical properties, were investigated next. The key to the 
successful use of these resins was the use of catalysts to 
decrease the temperature and shorten the cure period. 
The silicones offered the possibility of a coating resin 
stable to 250 C; this goal was actually reached with 
certain formulations. With the use of silicones, vacuum 
tubes, whose envelopes reach temperatures of 200 C, may 
now be coated along with all other sealed components. 


* Cited References appear at end of the article 
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Fig. 1—Components and printed-circuit test pattern coated for 
the solvent entrapment test. 


One of the most important criteria of suitability for 
printed-circuit coatings is insulation resistance at high 
humidity. The humidity chamber and the test method 
used in our measurements are described here. 

During early work with solvent-based coatings sys- 
tems, Weinberg and Martin (4) noticed that degradation 
of the insulation resistance of coatings was frequently 
caused by the solvent. In order to study this effect, a test 
was developed which detects the effects of the solvent on 
the insulation resistance of the cured coating at high 
humidity. This test is also described. 


Experimental Methods 


Characteristics such as uniformity, wetting ability. 
cratering, pinhole formation, cure temperature, and cure 
time were noted using conventional techniques. 

Viscosity and Pot Life. Viscosity vs time, as mea- 
sured by a Brookfield Viscometer, was used for the 
determination of pot life on 100 grams of the formulation. 
A sharp rise to a high viscosity (25.000 centipoise) 
indicated that the working time, or pot life, of the formu- 
lation had been exceeded; when this rise in viscosity 
takes place the material is no longer sprayable. 

Solvent Entrapment Test. This test was used for 
solvent systems only. Components were positioned on top 
of the printed-circuit test boards (Fig. 1) so that a 1/32- 
in. space existed between the component and the copper 
pattern. The boards were dammed with masking tape 
and the coating applied to a depth of 1/16 in. The 
coatings were then cured according to the required cure 
cycle. The effects of solvent entrapment were determined 
by means of insulation resistance tests described below. 

Insulation Resistance. Uniform samples for insula- 
tion resistance tests were prepared as follows: 


1. Leads were bolted to a standard 300 sq comb pat- 


tern (Fig. 2) to minimize contamination by solder fluxes. 
2. Boards were scrubbed with a stiff fiber brush in a 
warm mixture of Triton X-100, pumice and tap water. 
3. The boards were then rinsed in distilled water for 
two minutes and boiled for 10 min in distilled water 
(100 milliliter minimum per board). 
1. The boiled boards were again rinsed in distilled 
water. 
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Fig. 2—Test pattern coated with epoxy Formulation 105. 


Fig. 3--Printed-cireuit test patterns in a humidity chamber. 


1 20 25 
Elapsed time, min 


Fig. 4—Viscosity as a function of time after mixing of coatings 


at 65 C. Viseosities measured at room-temperature conditions, 
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5. Finally, the boards were dried for a minimum of 14 
hr at 65 C, 

Insulation resistance measurements were conducted in 
a specially constructed humidity chamber. Test patterns 
were connected to terminals inside the sealed humidity 
chamber (Fig. 3). The temperature of the chamber was 
kept constant at 35 C by thermostatically controlled water 
circulating between the inner and outer chambers. The 
humidity in the test chamber was maintained at 91 pet 
cent RH by a tray (in the bottom of the chamber) filled 
with a saturated solution of sodium tartrate. The 42 
Teflon-insulated terminals extend through the chamber 
top and the water bath so that measurements of the 
insulation resistance of the test patterns may be made 
without removing the patterns from their environment. 
Insulation resistance was measured in accordance with 
ASTM D-257 using 500 volts d-c applied potential and 
calibrated electrometer type instruments. 

Volume resistivity was measured as a function of 
temperature. The type of guarded-ring electrode used was 
essentially that described in ASTM D-257. Coatings of 
known thickness were produced on 4 in. sq brass plates 
which served as the unguarded electrodes, and the two 
ring electrodes, cut from aluminum foil, were attached 
to the coating surface with silicone grease. For measure- 
ments at elevated temperatures the samples were placed 
in a forced-convection oven with good temperature con- 
trol characteristics. 

Thermal Properties. In thermal shock experiments. 
the test samples were 1 per cent DCF resistors (Inter- 
national Resistance Company) uniformly coated with a 
test formulation. The thermal cycle to which these were 
subjected was that described in Cited Reference (8). 
where temperature extremes of —55 C and +85 C are 
specified. 

The effects of soldering-iron temperatures were deter- 
mined by pressing a hot (550 F) soldering iron into the 
coating for 5 sec and noting any resultant visible degra- 
dation. Coated test patterns were also subjected to this 
test in a few cases, and insulation resistance at high 
humidity redetermined. A decrease in insulation resist- 
ance was considered evidence of objectionable thermal 
degradation. 


Discussion of Results 


Some of the principal processing characteristics 
for formulations typical of the three types of resin 
systems are shown in Table I. In a 100 per cent 
solids epoxy formulation the use of menthane diamine 
has markedly increased the pot life and decreased the 
viscosity (Fig. 4) of the coating mixture. Even so, these 
properties are not as good as those obtained with either 
of the other (solvent) types. The pot life of the epoxy 
coatings is necessarily limited by the need for a hardener 
that will allow complete cure within the required time 
of 2 hr at 85 C; a hardener of this activity reacts with 
corresponding speed at room temperature. 

Wetting of the XXXP phenolic printed-circuit boards 
is a problem with many of the low-viscosity solventless 
epoxy coatings. Figure 5 shows a test pattern coated with 
a poorly wetting resin. The use of polyamide as one of 
the curing agents appears to ease this problem consider- 
ably. (7) Formula 109 is a modification utilizing a flow 
control and wetting agent. This agent did improve the 
ability of the coating to wet the phenolic; insulation 
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Fig. 5—Coating failure caused by inadequate wetting of the 
test pattern. 


Epoxy 
cooting 


No. 114 


Isocyanote 


Fig. 6—Solvent entrapment test results, 


resistance measurements at high humidity, however, 
showed that the flow-control agent had degraded the 
electrical properties of the coating somewhat (Table II). 
Coating Formulation 203 is an example of modification 
of an isocyanate with a flow-control agent. After cure, 
a surface bloom appeared on this coating, and no further 
tests were made. The silicone formulations all showed 
excellent wetting characteristics. 

Solvent entrapment had been postulated by Martin and 
Weinburg (4) during some early studies and later con- 
firmed (Hawley and Klein, unpublished work) during 
study of some printed-circuit boards coated with a solvent- 
containing epoxy polyamide. The solvent entrapment 
occurs in areas around closely spaced components where 
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heavy coating build-up is possible, and is evidenced by a 
marked decrease in insulation resistance at high humidi- 
ties. Epoxy coatings are usually soft to the touch where 
solvent entrapment has taken place. 

Insulation resistances measured during three typical 
solvent-entrapment tests are shown in Fig. 6. Under the 
same conditions, Formulation 105 had an_ insulation 
resistance of 10'' ohms. Comparing these values with 
those shown in Table II, it is apparent that the isocyanate 
coatings suffer from solvent entrapment and that the 
silicones do not. 

In many cases a decrease in insulation resistance occurs 
during the solvent entrapment test when solvent is used 
in the resin formulation. The mechanism of this effect 
need not be a physical trapping of solvent. Chemical 
reaction of the solvent with the resin may also take place, 
the solvent then acting as a reactive diluent. This latter 
mechanism is suspected in Formulation 114, which was 
diluted with a mixture of toluene and isopropyl alcohol. 
Even when solvent is physically entrapped it need not 
cause a lowering of resistance if no ionization takes 
place. Thus, the lowering of insulation resistance in itself 
does not constitute sufficient evidence to differentiate 
between the two possible mechanisms, nor does the 
existence of the solvent effect in some cases rule out the 
use of solvents in printed-circuit coatings. The silicone 
formulations studied all contained solvent (a mixture of 
toluene and xylene) but did not show correspondingly 


low insulation resistances during solvent entrapment test. 

The results of insulation resistance measurements at 
high humidity are shown in Table II. The insulation 
resistance of test patterns coated with Formulations 109 
and 203 began dropping within 48 hr, and the tests were 
stopped. As shown by the initial resistance for Set 2, 
Formulation 304, the test pattern or silicone resin had 
been unintentionally contaminated, and the insulation 
resistance was somewhat low. In spite of this, however. 
retention of insulation resistance was remarkably good 
even after 136 hr exposure to the high humidity. 

Volume resistance measurements at high temperatures 
(Fig. 7) indicate the utility of the silicone resin for 
comparatively high-temperature applications. This is an 
unusual characteristic for a resin which can be cured at 
the low temperature (85 C) utilized here. 

Figure 8 shows a typical thermal cycling test failure. 
The resistors used for these tests furnish a sensitive 
measure of the ability of a coating to withstand thermal 
cycling without placing undue strain on components and 
without cracking. The most important property of the 
cured resin in this test appears to be flexibility over a 
wide range of temperatures. Formulations 105, 114, 203 
and 304 all passed the ten thermal cycles satisfactorily. 

These four formulations were subjected to a hot solder- 
ing iron in order to observe the effects of soldering con- 
ditions on these coatings. The epoxy Formulations 105 
and 114 softened upon contact, and it was possible to 


Table I—Processing Characteristics of Printed-Circuit Coatings 


Coating 
number 


Formulation 


105 Modified epoxy resin 
Polyamide 
Alicyclic diamine 
19 Modified epoxy resin 
Polyamide 
Alicyclic diamine 
Wetting agent 
114 Modified epoxy resin 
Polyamide 
202 Polyester-4 
Polyester-10 
Solvent mixture* 
Polyisocyanate 





Polyester-4 

Polyester-10 

Cellulose acetate butyrate (10 per cent 
solution) 

Solvent mixture* 

Polyisocyanate 

Methy! silicone 

| Methyl and pheny! silicone 

(both resins 50 per cent in xylcl) 


Methy! silicone 
Methyl! and pheny! silicone 

(both resins 50 per cent in xylol) 
Tin oleate 








* A 2:1:1 mixture of methyl Cellosolve acetate, toluene and xylene. 


1959 


Viscosity 


Sprayable 


Sprayable Excellent 


8 min Sprayable Excellent 


at 65 C at 65 C 
8 hr Sprayable 


Excellent 


\ hr 





\% hr 
air dry, 
2 hr at 
85C 


Sprayable 


Sprayable 


\% hr 
air dry, 
6 hr at 
200 C 
2 hr at 
85C 


Excellent 


Sprayable 


Excellent 








Volume resistivity of two good printed-circuit coatings. 


remove the coatings from the copper conductors with the 
soldering iron. No differences in softening were noted 
between these two types. The adherence of the isocyanate 
coating 203 was even less than that of the epoxies; how- 
ever, no large amount of depolarization was noted. 

Silicone coating 304, which was normally softer than 
these other formulations, was easily removed with the 
soldering iron; no evidence of depolymerization was 
present. 


Conclusions 


An improved epoxy printed-circuit coating (Formu- 
lation 105) has been developed which possesses excellent 
electrical and thermal characteristics. This coating has a 
relatively long pot life, low viscosity, and can be cured 
in 2 hr at 85 C. Low toxicity materials are used in its 
formulation. 

A silicone coating (Formulation 304) has been de- 


Fig. 8—Characteristic failures of components in thermal cycling 
test. 


veloped which can be cured at 85 C in 2 hr and yet 
withstands temperatures as high as 250 C without signi- 
ficant change in properties. Its insulation resistance at 
high humidities is outstanding, even when applied ir 
heavy coats. OOO 
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Prescribing and producing the proper local thermal environment play an important part 


in achieving the desired reliability goals of electronic equipment. If equipment tempera- 


tures are too high, the goal will not be realized: if they are too low, the cooling system 


may be extravagant. An optimum internal temperature level may be approached by trial- 


and-error testing, but a more direct determination is desirable and possible. 


THOMAS C, REEVES, Administrator, Reliability and Value Engineering 
Surface Communications Department, Defense Electronics Products 


Rapio Corporation OF America, Camden, New Jersey 


IT IS GENERALLY RECOGNIZED that most of the component 
parts employed in electronic equipment are temperature 
sensitive not only in terms of electrical parameters but 
in terms of reliability as well. Components and equipment 
tend to fail more rapidly as temperatures increase. In- 
deed, reliability is in general so sensitive to the environ- 
mental temperature that thermal design has come to be 
recognized as a very important part of the overall design 
task. Manufacturers of electronic components, manu- 
facturers of equipment which employ them, and manu- 
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facturers of cooling systems and devices have all directed 
a great deal of attention to the problem of keeping com- 
ponents cool. 

As a result of this attention, it is possible, with skilful 
use of available devices and procedures, to produce 
almost any desired thermal environment within the 
equipment. Resort to refrigerated air and liquid-cooled 
plates, for example, can provide room temperature con- 
ditions within an equipment regardless of internal dis- 
sipation or external environment. This is true, of course, 
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only if the designer is willing to pay the high price of 
cooling. Although it is true that high temperatures are 
costly in terms of reliability, low temperatures are costly 
in terms of size, weight, complexity and vulnerability, 
as well as in dollars. What is to be sought in thermal 
design is a balance between the desired level of reliability 
and the various “costs” of the cooling system. 

Conceivably, an optimum internal temperature level 
can be determined by trial and error testing of models 
of the actual equipment. Such a procedure is very costly, 
however, in terms of development effort, hardware and 
test time. A much earlier, more direct, and less costly 
determination of the thermal requirements is clearly 
desirable. 

Two-fold Problem. The thermal design problem 
has two distinct parts. First, at the outset of an equip- 
ment design program it is necessary to establish a thermal 
design goal which is consistent with reliability goals; 
and, second, the probable adequacy of the cooling system 
resulting from the first part must be assessed before a 
model is constructed. In solving these two problems, the 
procedures need not be precise but they must furnish a 
reasonably confident basis for making initial design 
commitments. 

Techniques are already available for making thermal 
evaluations as a part of the reliability analysis of actual 
equipments. That is, based on a knowledge of operating 
temperatures, reliability can be predicted. Conversely, it 
should be possible to specify operating temperatures 
required when the reliability requirement is known. Once 
the required temperatures are determined, the major 
design aspects of a cooling system to produce these 
temperatures can be specified. 

Assumptions. It is assumed, in the remainder of 
this article, that the following four prerequisite con- 
ditions prevail: 

(a) Quantitative reliability requirements, reducible to 
mean time between failures, for the equipment are avail- 
able. 

(b) A preliminary design, setting forth the proposed 
circuitry, has been made. This should be in sufficient 
detail to yield a reasonable estimate of the component 
part population and the permissible mechanical con- 
figuration. Such information is usually in, or can be 
derived from, the technical proposal. 

(c) The designer has experience in the use of data 
relating the reliability of equipment to the electrical and 
thermal stresses on its component parts. (J, 2, 3)* 

(d) The designer is familiar with the principles of 
heat transfer and with the available body of empirical 
data on heat transfer in electronic equipment. (4, 5, 6) 


Design Procedure 


(1) Estimate the component part population based on 
the technical proposal and break it down by component 
categories (tubes and transistors, resistors, capacitors, 
transformers, switches, connectors, motors, etc.) The 
degree of accuracy of this estimate will depend to a 
large extent on the thoroughness of the original tech- 
nical proposal. In case the proposal permits only an 
estimate of the number of tubes but not of other com- 
ponents, it may be necessary to “guess” the latter by 
using the normal ratios of these parts to tubes found in 
similar types of equipment or circuits. For example, a 


*Italic numerals in parentheses refer to Cited References at end of article. 
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large sampling of electronic equipment of many types. 
shows that, for every tube, there are some 51% resistors, 
31% capacitors, 1 transformer or inductor, etc. Such ratios 
can be used to obtain a gross population if no better 
basis for estimating is available. Since reliability pre- 
dictions to be made later in the procedure can be no 
better than the part population estimate, this first step 
must be as accurate and thorough as the status of the 
design will permit and should be kept current in the event 
of design changes. 

(2) Establish reliability design goal based on con- 
tractual requirements. The mean life of the equipment 
established as a design goal may be equal to that speci- 
fied in the contract or it may be greater, depending on 
the desirability of using a margin of safety. The latter 
is often used to compensate for or reflect: 

a. Possibility of subsequent changes and/or increases 

in part population. 

b. Reasonable errors in the prediction process. 

c. Contemplated use of unusual components on which 

reliability information is lacking. 

d. Provision for greater confidence in passing the 

eventual qualifying life test. 

For the purpose of internal design goals, then, it may 
be desirable to use a mean life figure greater than the 
contract figure by 25 per cent or more, thus reflecting 
the degree of uncertainty which prevails in the design 
planning stage. 

(3) Determine coolant source temperature correspond- 
ing to the eventual environment in which the equipment 
is to operate and in which the reliability requirement 
must be met. In the case of typical ground equipment. 
this is the temperature of the air surrounding the unit 
from which the cooling air is inducted. 

(4) Establish a tentative derating policy for each 
category of the component part population. This means 
setting up the guidelines which it is assumed will be 
employed by the circuit designers in specifying the actual 
voltage and wattage ratings of the components. For in- 
stance, it may be the policy to use composition resistors 
at no greater than 50 per cent of rated power. While it 
is essential to assume a derating policy in the procedure 
described here (even if the normal policy is not to 
derate), the policy is not entirely arbitrary. Component 
failure rate is a function of both electrical and thermal 
stresses. One can be traded off against the other. In one 
of the steps to follow, it will be shown that the wisdom 
of this initial assumed derating policy can be checked by 
examining the effect of such derating on cooling require- 
ments. 

(5) Estimate mean life of equipment based on com- 
ponents operating in air at coolant source temperature 
and at level of derating assumed in step (4). This esti- 
mate of reliability prediction is the summation of the 
failure rates: of the individual parts, each of which is 
assumed to be operating at the coolant source tempera- 
ture. 

(6) Compare estimated mean life with reliability 
design goal. There are three possible results of this com- 
parison. First, the estimated mean life may be less than 
the design goal. This indicates that the reliability goal 
is not likely to be met using the present parts with the 
assumed derating policy at the coolant source tempera- 
ture. In this case significant corrective action is indicated 
and relief must be sought by such means as system simpli- 
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fication, redundancy of parts, substitution of more reli- 
able parts or resorting to the use of refrigeration to reduce 
the temperature of the coo!ant below that of the source 
from which it is drawn. In this case the derating policy 
assumed in step (4) should be re-examined and explored 
by successive trials to see whether further derating alone 
would raise the reliability or whether other measures 
must be taken in addition. 

The second case is that in which the estimated mean 
life is equal to the goal, giving assurance that the goal 
will be met but only if the mean internal equipment 
temperature is the same as the temperature of the coolant 
source. Since this condition is impractical within a 
packaged equipment which dissipates heat, this case is 
basically the same as the first only not as serious in 
degree. Here again, relief is likely to be found in 
strengthening the derating policy. 

In the last possible result of the re-iability comparison, 
the estimated mean life may be greater than the design 
goal. This, of course, is the goal of the procedure so far 
described. Continuation of the steps in the procedure 
cannot be made until this condition has been achieved. 
Once this condition is obtained, it is known that the 
mean life of the derated component population at the 
coolant source temperature is higher than the design goal 
and that the actual design goal can, therefore, be realized 
at a temperature higher than the coolant source. This 
higher temperature is the Mean Design Local Air Tem- 
perature (MDLAT), the highest mean internal tempera- 
ture which will support the required mean life. The 
thermal design objective is now to obtain this temperature 
level within the equipment in the most efficient manner 
with regard to space, weight and cost. 

The MDLAT is obtained by determining, from the in- 
dividual component - reliability figures, the reliability of 
the equipment at the coolant source temperature. This 
will of course be higher than the design goal. Then, 
working with increasing temperature increments of 5 
deg, equipment reliability is re-calculated and reduced 
until it is just above the design goal. The temperature at 
this “cross-over” point is the mean design local air 
temperature. 

(7) Estimate equipment wattage dissipation using best 
information available from the technical proposal and 
from previous experience on similar equipment. 

(8) Calculate coolant flow required to provide the 
mean design local air temperature in the equipment. To 
do this in the design planning stage, before a mechanical 
design and hardware have evolved, the most convenient 
method is to assume that all of the wattage dissipation is 
carried off by forced convection into the main coolant 
stream. The required rate of flow of air (W,; lb per min) 
may be calculated from the expression 


= en 

7.6 AT 
where Q is the wattage dissipation and AT is twice the 
difference in deg C between the coolant source tempera- 
ture and the MDLAT. This required rate of flow, which is 
conservative, can then be converted to an intake volume 
rate using the specific volume of air at the intake con- 
dition. The volumetric flow rate required of the blower to 

be selected is thus established. 

(9) Estimate pressure drop through equipment at the 
required coolant flow rate. To do this it is first necessary 
to assume a reasonable packaging scheme with approxi- 
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mate dimensions. It is then possible to convert this pack- 
age into an equivalent duct system which reflects the 
pressure drops to be encountered in inlet expansions, 
exhaust contractions, straight sections, changes in direc- 
tion, internal orifices, filters and similar items. Basically, 
this step employs estimating techniques long used in the 
field of air conditioning, except that it applies them to the 
generally smaller or more tortuous flow systems which 
characterize electronic packaging. 

(10) Select a blower to supply the required flow at 
the estimated pressure drop. Procedures for accomplish- 
ing this step are in general use and need not be detailed 


here. (5) 


(11) Construct a thermal schematic to be used in 
estimating, to the nearest 5 deg C, the local ambient 
temperature of each component part. Up to now it has 
been assumed that all components operate in the mean 
design local air temperature. Realistically, however, the 
parts will operate in local temperatures higher or lower 
than the mean, depending on their location along the 
coolant path. Those at or near the coolant intake will 
“see” the coolant source temperature, while those at or 
near the exhaust will see a much higher temperature, 
equal to the source temperature plus the full temperature 
rise (A7') as given in step (8). 

To reflect the local effects of this gradual temperature 
rise in the coolant stream as it flows through the equip- 
ment, the equipment is again considered to be an equiv- 
alent duct into which the total dissipation (plus blower 
wattage, if appropriate) is injected according to the loca- 
tion of the active parts. The object is to break up the 
entire AJ’ into 5-deg increments so that each component 
can be assigned an estimated loca! air temperature. The 
figure at the beginning of the article illustrates this 
procedure. 


(12) Recalculate failure rate and mean life based on 
the previously assumed derating and the local estimated 
temperatures determined in step (11). This employs the 
same procedures and data required for step (5), but now 
the more refined values of local temperatures are used. 


(13) Compare new values with design goal and intro- 
duce corrections if necessary until a confident basis 
exists for commitment to an actual engineering model. 
As a result of this final step, the transition can be made 
from the design planning stage to actual development 
and design of hardware. 

Conclusions. The steps outlined in the procedure 
here will permit an orderly and direct approach to an 
optimum thermal design. The procedure begins with the 
formulation of a reliability design goal and proceeds to 
explore the combined effect of variations of electrical 
and thermal stresses on the proposed parts population 
to establish the temperature level needed to support the 
reliability goal. In so doing, it permits a review of the 
wisdom of the derating policy used so as to settle upon 
a policy which offers a fair balance between cooling 
requirements on one hand and the size and cost of the 
component part complement on the other. The steps of 
the procedure can be performed using information of 
the sort available in the design plan stage and will pro- 
duce results whose accuracy is consistent with the need 
of the design plan stage. 

The thermal design goals and the initial design are 
tailored to the actual numerical reliability goals spe- 

(Continued on page 73) 
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Fig. 1—Basic power-supply circuit for 
machine and equipment drive motor, 
showing sequence of short-circuit and 
overload protective devices between 
generator and motor. 
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| performance, an essential but often complex task is 
| the proper selection and specification of overload and 
¢ short-circuit protective devices. These devices are 
available in wide ranges of basic forms and service 
ratings, reflecting both the importance of their func: 
tions and the diversity of the factors affecting their 
application. The protected motor or other load is 


only one element. The entire circuit and all associated 


equipment must be analyzed to achieve effective 
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Fig. 2—Short-circuit current is a function of circuit param- 
eters and does not depend on load current. With a transformer 
impedance of 0.1 ohm, possible short-circuit current is 1000 


amp (above), whereas when the impedance is 0.01 ohm, the 


fault current may be 10,000 amp (below). 
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IN THE APPLICATION of overload and short-circuit pro- 
tection to motor-driven machines and to electrically 
operated equipment in general, there is a common tend- 
ency to select the protective devices only in terms of 
the load and its rating and requirements. This approach 
to the problem leads to the use, in particular cases, of 
protective devices that may be inadequate or inefficient 

often grossly so. When it is at least recognized that 
the proper selection of protective devices is an impor- 
tant problem, there seems to be a common conviction 
that the selection process is mysterious and obscure. 
Actually, the important principles to be followed to 
achieve efficient and safe protection for electrical ma- 
chines can readily be made clear and logical. 

Protective devices serve primarily to guard against 
short circuits and overloads. Short-circuit protection is 
to minimize personnel hazards and to prevent destruc- 
tion of circuit components; overload protection is to 
ensure trouble-free motor and drive operation within 
rated capacities. Both forms of protection, when proper- 
ly selected and combined, can enhance overall efficiency 
and minimize unnecessary shutdowns. 
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Short-Circuit Currents. A typical circuit serving the 
motor in a machine is shown in Fig. 1. The total circuit 
back to the power source must be considered for circuit- 
protection study. The overload and short-circuit protec- 
tive devices are applied between the motor (or other 
equipment load) and the transformer. Under short-cir- 
cuit conditions, there flows an abnormal current that 
can be disastrous to the system and equipment unless 
it is removed in the shortest possible time. The representa- 
tion of a short-circuit in Fig. 2 demonstrates the essen- 
tial fact that the magnitude of a short-circuit current 
depends primarily upon the current capacity of the elec- 
trical system, not upon the normal load current rating 
of the protected motor or equipment. The transformer 
impedance largely determines how much short-circuit 
current will occur at a fault such as at B in Fig. 2. 
With a transformer impedance of 0.1 ohm, the fault 
current would be E/Z, 1000 amp, whereas in the 
higher capacity system the current woud be 10,000 amp. 
Load current is a function only of the power required 
for a given machine drive, whereas possible short-cir- 
cuit current is virtually independent of load. When the 
potential short-circuit current has been thus determined 
by evaluating the power system capacity, a circuit-in- 
terrupting device of adequate interrupting capacity can 
be selected. 

The magnitude and persistence of a short-circuit cur- 
rent occurring at a fault is determined by the forms 
and capacities of the current sources and by circuit 
impedance. The three main current sources within a 
power system are the generators, synchronous motors 
and condensers, and induction motors which are operat- 
ing in the system. Circuit impedance is that between 
the sources and the circuit fault point. The greatest 
short-circuit current that might occur, with considera- 
tion given to all potential current sources and to circuit 
impedance to the point of application, governs the selec- 
tion of the interrupting device for use at that point. 

Transient surge currents contributed to a total short- 
circuit current by synchronous motors and condensers 
and by induction motors which are on the line decay 
with time due to reduction in motor magnetic flux after 
the short circuit occurs; in fact, the induction motor 
contribution disappears after one or two cycles, Fig. 3. 
In normal operation a synchronous motor draws a-c 
power from the system; but, during a system short- 
circuit, a synchronous motor acts like a generator and 
delivers current to the system since the motor will be 
driven by the inertia of its mechanical load. Similarly, 
an induction motor will be driven by the inertia of its 
load when a system short-circuit occurs, and will con- 
tribute current to the system. The current generation by 
the induction motor is due to flux remaining from normal 
motor operation rather than from d-c excitation as found 
in the synchronous motors, so that the current genera- 
tion of the induction motor is of shorter duration than 
that of the synchronous motor. 

A convenient way of considering asymmetrical cur- 
rents is to assume that they consist of symmetrical cur- 
rents with superimposed d-c components. The magnitude 
of a d-c component depends upon the time the short- 
circuit occurs and may vary from zero to a value equal 
to the peak of the a-c component. The d-c component 
does not continue to flow but is rapidly dissipated as 
heat in the circuit resistance. The combination of the 
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Fig. 3—-The various components of short-circuit currents. 


decaying d-c and the symmetrical a-c components gives 
an asymmetrical wave which changes to a symmetrical 
wave when the d-c component has disappeared. Figure 
3 shows the general characteristics of symmetrical and 
asymmetrical current components due to various sources 
under short-circuit conditions. 

Circuit Breakers. For proper application, a circuit 
breaker should be suited to the power system in which 
it is used, it should be able to withstand the service 
conditions to be encountered, and it should provide 
necessary overcurrent protection either by itself or in 
coordination with other protective devices such as over- 
load relays. In selecting circuit breakers, certain funda- 
mental principles must be applied. The voltage rating 
of a breaker must equal or exceed the nominal line 
voltage of the protected circuit. The continuous current 


rating of the circuit breaker should equal or exceed 


the maximum load current which the circuit will carry 
as determined from the overload or thermal ratings of 
the apparatus served by the particular circuit. Final-y, 
as previously emphasized, the maximum potential short- 
circuit current is that current available from the system 
when it is operating with maximum generating capacity 
and connected motor load, with a zero impedance short 
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Table |—Possible Short-Circuit Currents in 3-Phase A-C Power Systems 


Transformer rating Typical max. possible 
and impedance, primary short-circuit, 
per cent kva 


current, 
amp tms 


208 volts 
300 kva 
5 per cent 


50 ,000 834 
250 ,000 834 


208 volts 
1000 kva 

5% per cent 
480 volts 
750 kva 

51% per cent 


100 ,000 
500 ,000 
50,000 


250 ,000 


circuit’ simultaneously applied from all phases to 
ground. As an indication of the magnitude of possible 
short-circuit currents under various conditions, Table I 
indicates the component and combined currents that can 
occur at faults in systems having the capacities shown. 
For a-c systems, the rms value of the maximum asym- 
metrical current available must be less than the inter- 
rupting rating and short-time rating of the circuit 
breaker; for d-c systems the maximum steady-state cur- 
rent should be less than the interrupting rating of the 
breaker. 

The frequency rating of the breaker should agree 
with the nominal frequency of the system. Ambient 
conditions for the protective devices must be consid- 
ered in their selection and application. Air circuit break- 
ers designed in accordance with NEMA standards will 
carry rated current without exceeding allowable tem- 


Table li—Effect of Altitude on Insulation and 
Current-Carrying Capacity of Air Circuit Breakers 


| 


Correction factors 


Altitude Voltage Current 
3,300 1.00 1.00 
4,000 0.98 0.996 
5,000 0.95 0.99 

10,900 0.80 0 96 


Total short-circuit current, amp rms 


Normal continuous 


| Motor contribution 


Transformer alone Combined 


2100 20 , 700 


20 , 300 2160 22,400 


53 ,400 7000 60 , 400 


60 ,990 7000 67 ,990 


16,100 4500 20 ,600 


19,500 4500 24,000 


perature rises when operated in an ambient temperature 
of 40 C. When circuit breakers are mounted in ene.o- 
sures, the average ambient temperature inside the en- 
closure may not be more than 15 deg higher than the 
standard ambient temperature of 40 C outside the en- 
closure. At altitudes above 3300 ft, both insulation and 
current-carrying capacity are affected by the lower- 
density air and for such applications the published rat- 
ings of air circuit breakers must be modified by factors 
established by the standardizing agencies (see Table II). 

In the selection and application of protective devices 
(as with all equipment), efforts should be made to 
eliminate or minimize the adverse effects of unusual 
service conditions at the point of installation of the 
equipment so that standard equipment can be used. 
Unusual conditions which must be protected against or 
(if this is not possible) recognized and provided for 
in equipment selection include: exposure to damaging 
fumes or vapors; magnetic, abrasive or metallic dust; 
foreign particles and water; explosive mixtures of gases 
or vapors; extreme vibration, shock or tilting; extreme 
temperatures or abrupt temperature changes; unusual 
space limitations affecting use, installation and mainte- 
nance; or unusual conditions of utilization such as in- 
frequent or seasonal service. 

Air circuit breakers may be applied to most of the 
normal forms of power circuits involving generator, 
transformer and feeder circuits without considering the 
question of frequency of operation. However, since cir- 
cuit breakers are generally not designed for highly 
repetitive operation, applications in circuits serving ma- 


Table Ill—Interrupting Ratings of Typical Standard Air Circuit Breakers 


Range of 
continuous 
rating, amp 


Interrupting 
rating, 


Voltage amp rms 


240 and below 35 to 225 
150 to 600 
600 to 1600 


30 ,000 
50 ,000 
75,000 
241 to 480 


100 to 600 35,000 


481 to 600 15 to 225 


200 to 1600 


15,000 
50,000 


Cascade system 


Selective system 


Max. short-circuit current at which | Max. short-circuit current at which 
breaker can be applied, amp rms 


breaker can be applied, amp rms 


60 ,000 
100 ,000 
120 ,000 


15,000 
25 ,000 
50,000 
70 ,000 25,000 

30,000 
100 ,000 


15,000 
50 ,000 
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chine-tool motors and other equipment used in manu- 
facturing operations should be investigated for fre- 
quency of operation. Cases in which operating frequency 
exceeds applicab.e standards for repetitive duty and 
normal maintenance should be referred to the manu- 
facturer of the protective equipment for his recom- 
mendations. 

Circuit breakers are occasionally used on special duty 
cycles in which above-normal currents occur for short 
periods, followed by rest periods. Under these econdi- 
tions, it may be necessary to integrate, as far as heating 
is concerned, for the combined effect of the various 
load currents at different parts of the duty cycle. It is 
seldom necessary to use a circuit breaker of a rating 
corresponding to the highest current in a duty cycle. 

Selective and Cascade Systems. Selective over- 
current circuit-breaker operation is the use of breakers 
in series so that only the breaker nearest a fau.t opens. 
In cascade breaker operation, breakers nearest to the 
source of power need interrupting ratings equal to or 
greater than the average total calculated rms current; 
breakers farther from the power source may have lower 
ratings. The principle of cascading is based upon the 
fact that breakers of lower interrupting capacity are 
backed up by breakers of higher ratings. Where con- 
tinuity of service is essential, selective tripping arrange- 
ments using breakers of full interrupting capacity are 
required, and these arrangements are the best for gen- 
eral recommendation in all cases. However, it is not 
always economically justifiable to use breakers with full 
interrupting capacity for all feeders, in which instances 
the cascade system is resorted to. 

When a breaker is selected for a particular spot in 
a low-voltage system, it is usually necessary to consider 
the tripping characteristics of the particular breaker 
with respect to other breakers which may be in series 
with it. In Table III are shown some individual short- 
circuit ratings for some typical available air circuit 
breakers when applied to individual portions of a sys- 
tem, compared with the short-circuit ratings of the same 
breakers used in cascade and selective arrangements. 

A selective arrangement of circuit breakers is shown 
in Fig. 4. In selecting and assigning circuit breakers for 
motor protection using a selective system, current mag- 
nitudes and time are the only parameters readily avail- 
able for estimating sequential breaker operation. There- 
fore, the continuous current ratings, the minimum 
operating current, and the operating time (in ascending 
order) must be selected when proceeding from the load 
to the lower source. In Fig. 4, the main breaker A and 
feeder breakers must have interrupting ratings at least 
equal to the possible short-circuit current. The main 
breaker must also have a short-time rating equal to 
the maximum possible short-circuit current. In some 
types of available circuit breakers this requirement is 
provided for by the fact that the short-time and inter- 
rupting ratings are equal. The overcurrent tripping de- 
vices of all breakers must be so coordinated that all 
faults will be cleared by the breakers nearest the fault. 
The main breaker will then trip only in case of main 
bus faults or failure of the feeder breakers to trip. As 
a result, the main advantage of the selective system is 
gained; that is, a feeder fault is cleared without inter- 
ruption of service to other feeders. Manually operated 
circuit breakers with short-time delayed tripping must 
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be restricted to applications in which the fault current 
can not exceed 15,000 amp. When entire system co- 
ordination is required, the relays and fuses on the high- 
voltage side of the transformer must be considered and 
properly selected and applied. 

The information which must be available before a 
selective study of a low-voltage system can be started is: 

1. A one-line diagram of existing and proposed com- 
ponents of the selective system, including: 

a. voltage of the power supply source 

b. protection on the primary of low-voltage trans- 
former 
voltage ratios of power transformers and cur- 
rent ratios of current transformers. 

2. Primary available short-circuit kva. 

3. Available short-circuit current at the line terminals 
of each breaker or impedance of cables, etc., so that 
these can be calculated. 

4. Type, rating, inrush current and diversity factor 
of connected loads. 

5. Operating procedure or interlocking of transformer 
secondary and tie breakers. 

6. Extent of desired selectivity in the system including 
selectivity between existing and new equipment. The 
general steps to be followed in selecting air circuit 
breakers to produce a fully selective low-voltage system 
are: 

a. Check the maximum steady-state current to be 
carried by each circuit breaker to determine the 
continuous current rating. 

b. Check the available short-circuit current at the 
line terminals of each circuit breaker to be sure 


250,000 primary short 
circuit kva 


: 750 kva_ transformer 5% 
impedance 4160480 volts 


) 600 amp 


¢ 


< 


Vv 
{ 24,000 amp short circuit 


) 200 amp 


Line contactor 


Overload relay 


{ 14,750 amp short circuit 


C) Motor 


Fig. 4—Basic circuit arrangement 
for selective circuit-breaker system. 
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that the available current does not exceed either the lays on the high-voltage side of the power transformer. 
short-time rating or the interrupting rating of that par- d. Proceed to select and draw in the characteristics 
of each breaker, arranging the overload trip charac- 
teristics of the various breakers in descending order 
(time and current) starting from the power source. Use 
the full bandwidth, lower to upper limit, and arrange 


the curves of the breakers so that they do not touch o1 


ticular breaker. 

c. Check the recommended tripping characteristics and 
pick-up settings for various breaker applications. Deter- 
mine limiting pick-up settings of the various breakers 
established by code requirements, motor inrush, or re- 


Designing for Selective Breaker Operation 
breaker with the continuous rating of | with respect to breaker C are the 
600 to 1600 amp. Also from Table I, requirements for the feeder breaker 
it is found that in the example chosen B. Both long and short time delay 
the combined short-circuit current is should be provided. For breaker C, 
24,000 amp, consisting of components general-purpose tripping characteris- 


In a circuit as shown in Fig. 4, it 
is desired that the load breaker C be 
selective with feeder breaker B, and 
that breaker B in turn be selective 
with the transformer secondary 


breaker A. 

Continuous current ratings: From 
Table I, the rated transformer second- 
ary current for 480 volts is 902 amp; 
therefore, a 1200-amp continuously 
rated breaker is required. Taking into 
consideration the total load supplied 
(only one part is indicated) and the 
diversity factor of the load, it is deter- 
mined that a 600-amp feeder breaker 
B is required. This rating is also large 
enough that it can be made selective 
with the load breakers. For breaker 
C, assume that a 200-amp breaker is 
the maximum size load breaker to be 
used, 

Possible short-circuit currents: From 
Table I, the short-circuit current at 
the load terminals of breaker A is 
19,500 amp. From Table III, it is seen 
that the breaker with a continuous 
rating of 100 to 600 amp has an inter- 
rupting rating in a selective system of 
25,000 amp, but because of the con- 


from the transformer and from motors. 
For the breaker B, therefore, the 100 
to 600 continuous current rated circuit 
breaker can be selected. The cable run 
from breaker B to breaker C intro- 
duces enough impedance to reduce 
the possible short-circuit current at 
the load terminals of breaker C to 
14,750 amp. For breaker C, then, a 
breaker rated for continuous current 
of 15 to 225 amp can be used, Table 
Itt. 

Tripping characteristics: To provide 
transformer protection, breaker A 
should have a properly set long time- 
delay characteristic. The National 
Electrical Code specifies a maximum 
setting of the overcurent tripping de- 
vice at 250 per cent of rated secondary 
current when the primary overcurrent 
tripping device is in excess of 250 per 
cent of rated primary current. To re- 
duce fault time and to be selective 
with breakers B and C in the circuit, 


tics are all that are required. 

Plotting characteristics: Graphic 
presentation of the characteristics of 
the breakers of the system, Fig. 4, is 
accomplished by fitting together the 
individual breaker ag ag so 
that there is no overlap, Fig. 5. These 
individual breaker characteristics must 
be obtained from the breaker manu- 
facturers’ data. In Fig. 5, for instance, 
breaker A has time-delay pick-up cur- 
rent values as depicted by the upper 
curve envelope, with median values of 
1440 amp with long time delay and 
6000 amp with short time delay. Simi- 
larly, for breaker B the delay charac- 
teristic curves represent median long 
time-delay current of 600 amp and 
4200 amp short time. For breaker C 
these values are 200 and 3000 amp, 
respectively. The primary point illus- 
trated by Fig. 5 is that selective 
breaker operation derives from the 
fact that these delay characteristics of 


breaker A should have a short time 
delay. Cable protection and selectivity 


the successive breakers in a sequential 
circuit do not overlap. 


tinuous current rating of the trans- 
former it is necessary to specify the 


A, B and C of Fig. 


Time-current characteristics of circuit breakers 
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overlap, as shown in Fig. 5 and explained in the 
accompanying example. 

In selecting and applying circuit breakers in cascade 
arrangement, where circumstances permit the use of this 
system, certain general rules should be followed. In 
Fig. 6, representing an elemental power circuit with 
main breaker A and various feeder breakers B, breaker 
A must have an interrupting capacity equal to or great- 
er than the average total calculated rms current (in- 
cluding motor contributions and any d-c component) at 
0.5 cycle from the inception of any short circuit. The 
second breaker in the cascade, B, can be applied in 
feeder circuits capable of producing up to 200 per cent 
of the breaker interrupting rating. All circuit breakers 
employed in cascade arrangements and subjected to 
possible fault currents in excess of their interrupting 
ratings should be electrically operated. Operation of 
breakers in excess of their interrupting ratings should 
be limited to one operation, after which inspection and 
possible maintenance or replacement should be applied. 

In general, the successive sizes of breakers in cascade 
should be successive steps of standard ratings, such as a 
50,000-amp breaker backing up a 25,000-amp_ unit. 
However, in some instances the normal continuous cir- 
cuit current requirements may result in the selection of 
breakers for position A having higher interrupting rat- 
ings than are actually required for short-circuit duty. 
This may result in a jump of two steps of standard 
interrupting ratings between successive breakers in cas- 
cade, such as a 75,000-amp breaker backing up a 25,000- 
amp breaker. This practice cannot be generally recom- 
mended. 

The principle of cascading is that breakers of lower 
interrupting ratings are backed up by breakers of higher 
interrupting ratings; thus, breakers B in Fig. 6 (of 
lower ratings) are backed by the main breaker A (of 
higher rating). In order to ensure satisfactory operation 
in cascade, the back-up breaker must be provided with 
instantaneous overcurrent trips, which should be set at 
such a value that they will trip when the current through 
the backed-up breaker equals or exceeds 80 per cent 
of its interrupting rating. 

In order to provide protection for bus faults of a 
magnitude less than this instantaneous setting or ad- 
justment of back-up breakers, additional time trips are 
recommended, and breakers should be of the dual mag- 
netic type. The instantaneous trip point of this type of 
breaker may be considerably less than the maximum 
trip point of the “80 per cent rule” and may result in 
more frequent tripping of the back-up breaker, but this 
is warranted in view of the added protection for bus 
faults of the magnitude described. Where two or more 
power sources supply a common bus, the total short- 
circuit current to be considered in the determination 
of breakers B can be taken as the sum of the currents 
from all sources that are added together as if coming 
from one source, and the breakers at B can be selected 
on the basis of being backed up: that is, they can be 
applied up to 200 per cent of their rating as described 
above. 

Current-Limiting Fuses. The high interrupting ca- 
pacity current-limiting fuse is primarily designed for 
applications in low-voltage circuits where the availab'e 
short-circuit current exceeds the values that conventional 
National Electrical Code fuses can. successfully interrupt. 
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Fig. 6——Cascade arrangement of circuit breakers. 

In all high interrupting capacity systems, it is desirable 
that each feeder or branch circuit protective device 
should isolate a fault before any back-up protective 
devices are called upon to operate, both to preserve 
continuity of service in that system and to protect the 
circuit components from the “let-through” energy as- 
sociated with high short-circuit currents. The high-ca- 
pacity fuse was specifically designed for this purpose 
and is not intended to replace air circuit breakers in 
load center unit substations or main feeder circuits. It 
provides adequate and economical short-circuit protec- 
tion for those branch feeders, motor starters, lighting 
circuits, etc., in which conventional fuses do not have 
the required interrupting capacity. 

The fuse body is an insulating tube of impregnated 
fiber glass having high strength and resilience. Silvered 
copper ferrules or knife blades at each end fit any 
standard NEC fuse clip of corresponding voltage and 
current rating. A fusible silver element is embedded in 
an inert granular quartz filler and connected from fer- 
rule to ferrule. When the fuse functions, the are occur- 
ring as the fusible element melts is cooled by the quartz 
filler, then extinguished without any explosion of gases 
or materials from the tube. The maximum current pass- 
ing through the fuse, before the are is extinguished, is 
limited by the special element design to a value consid- 
erably lower than maximum possible short-circuit cur- 
rent. This is current-limiting action and means increased 
protection when applied in any circuit because it reduces 
the “let-through” energy associated with all short cir- 
cuits. The interrupting rating of the high-capacity fuse 
is 100,000 amp d-c and 100,000 total rms asymmetrical 
amp at 60 cycles (or less) a-c, at full rated voltage. 
The current-limiting characteristic is illustrated by Fig. 
7 and shows the maximum peak current that each fuse 
may be expected to pass for various values of possible 
short-circuit current on 60-cycle a-c short circuits. 





| t +t - Overload Protection. The protection of a motor 

sine against an overload or the protection of the motor and 
its branch circuit against a short circuit are basically 
the same problem. In either situation, the entire circuit 
is heated at a rate which is a function of the current 
flowing, and this current must be interrupted before 
motor windings or any part of the circuit exceed pre- 
scribed temperatures. 

The total thermal capacity of a motor is a function of 
its copper, insulation and iron. When a motor is over- 
loaded, heat is generated in the windings: if the over- 
load is slight, the heat is conducted through the insula- 
tion to the iron and there is a gradual temperature rise 
in the copper, insulation and iron. However, under high 
Possible short — overloads or stalled conditions, the effective thermal 
| | capacity of a motor is primarily a function only of its 
t—j component =. copper since little heat is conducted to the iron before 

the windings reach their maximum permissible temper- 
ature. 
i Figure 8 shows, in general, the effect of temperature 
i | on the life of a motor. Experience has shown that the 
| Jiscsial | | life of a Class A motor is reduced by about one half 
20 30 50 80100 200 300 500 8001000 . . 
iasiiti: a wiabtaiceiaatiamiaaah tinal for each 8-10 deg i temperature rise, and conversely. 
de es re ae each 8-10 deg C decrease in operating temperature dou- 
ee See characteristics of high inter- bles the insulation life for the length of time the motor 
remains at that temperature. High temperatures of short 
duration do not adversely affect the life of a motor 
and are allowable on starting or plugging. Therefore, 
the overload protective device must permit high cur- 
rents for a short time, while protecting the motor on 
sustained overloads. 
Conditions that cause overloads are continuous ex- 
cessive load or low line voltage, duty cycles in which 
the rms current exceeds the motor rating, too-frequent 
“start-stop” duty cycles, and stalled conditions where 
a7 "AO 6080100 the motor is unable to break away due to excessive 
Motor life, per cent of normal load, resulting in 600-800 per cent rated current. Other 
Fig. 8--Effects of temperature on motor life. causes are stalled rotor due to single phasing of the 
power supply (a condition in which the motor draws 
about 86 per cent of the three-phase stall current or 
Power supply about 500 per cent of the rated full-load current for 
normal a-c motors) and excessively high ambient tem- 
peratures. Standard general-purpose motors are de- 
signed to operate in a maximum ambient temperature 
of 40 C. If the motor is fully loaded and in a higher 
ambient, it will overheat. 
Overload relays fall into three main classes: magnetic 
instantaneous, magnetic inverse time, and thermal over- 
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Fig. 9—Use of thermal overload relay in contactor circuit for 
motor protection. Heating characteristics of a typical induction motor. 
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load relays. Obviously, a magnetic instantaneous relay 
cannot be applied to a-c motors as it would have to be 
set high enough to override the normal stalled rotor 
current at starting and would not provide any overload 
protection. Similarly, the magnetic inverse time overload 
relay has its limitations. It is basically a duplicate of 
the magnetic instantaneous relay except that the move- 
ment of the relay plunger is restrained by a dashpot 
or by similar means. With the addition of a dashpot, 
a relay can be set at a current value below locked 
motor rotor and thus permit starting. If such a relay 
is set for approximately 120 per cent current and the 
motor is operating in a steady-state condition at this 
value, only then will protection be provided. With the 
same relay setting but with a duty-cycle load in which 
the motor is subjected to occasional short high peak 
loads of 200 per cent current, the overload relay may 
not operate and the motor may be damaged. 

Thermal overload relays provide the dual function 
of permitting high currents for short intervals on start- 
ing or plugging while protecting the motor on sustained 
overload conditions. As the name implies, such a relay 
reacts to heat in a manner similar to that of the motor, 
and if it is properly designed and correctly applied, it 
will provide adequate protection against all of the ab- 
normal operating conditions previously tabulated. All 
thermal relays include one or more heat-producing ele- 
ments, either resistance or induction type, which operate 
a temperature - responsive element of low - temperature 
solder, bimetal or expansion metal. The time - current 
tripping characteristic of any of these relays is deter- 
mined largely by the thermal capacities of the heat- 
producing element and the temperature-responsive ele- 
ment, and the manner in which heat is transmitted to 
the temperature-responsive element. 

By far the most popular thermal overload relay is the 
bimetal type. Heat is generated by a heater element 
which is connected in series with the protected motor. 


Design Plan for 
Forced-Air Cooling 


(Continued from page 65) 


cified for the particular equipment. This is a more re- 
liable basis for design than the use of arbitrary ambient 
temperatures or generalized rules of thumb. In addition. 
it is more easily and economically used than trial-and- 
error model testing. 

It should be recognized, however, that this is not a 
procedure for paper-work evolution of a final design. 
It is intended only to help set sound thermal design ob- 
jectives and to rough out a good basis for the develop- 
ment model. It presumes the construction of development 
models for verification before commitment to a proto- 
type. Thus it serves to expedite rather than eliminate 
the development model and to reduce the severity of 
mechanical redesign and electrical compromises as a 
result of thermal shortcomings encountered in develop- 
ment tests. It is emphasized that this procedure is 
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Fig. 11—Tripping time against current characteristics of typical 
thermal overload relays. Tripping zone indicates limits of trip- 
ping time at a given heater temperature. 


and this heat is transmitted to a bimetal strip as shown 
in Fig. 9. When the bimetal strip reaches a pre-selected 
temperature, it trips a toggle mechanism which snaps 
open a set of control contacts, de-energizing the line 
contactor and disconnecting the motor from the power 
supply. 

Figure 10 shows the average heating characteristic 
for general-purpose a-c induction motors and Fig. 1] 
shows the tripping characteristic for thermal overload 
relays which protect these motors against excessive tem 
perature rise. For example, if a motor is stalled and is 
drawing 600 per cent full-load current, it will reach its 
maximum operating temperature in approximately 14 sec. 
From Fig. 11 it is found that the average tripping time 
for the thermal overload relay is 14 sec; it will thus 
remove the motor from the line within the permissible 
stall time of the motor. OOO 


rational, but the results are only approximate. Its pur- 
pose is to help establish early goals and sound prelim- 
inary design direction, but it is not a substitute for more 
detailed subsequent thermal analysis or for the con- 
struction, test, evaluation and refinement of models. 
These are still essential to the execution of any satis- 
factory final thermal design. OOO 
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Characteristics of 
SOLID TANTALUM CAPACITORS 


An evaluation of solid tantalum capucitors 
for equipment design engineers. In most 
instances, the information presented here 
represents statistical estimates of limits 
considered realistic for the product of the 
various manufacturers included in the in- 
vestigation by U. S. Army Signal Research 
and Development Laboratories. Data in- 
clude results of environmental and life 


tests. 


Background Note— 


The “solid electrolyte” tantalum capacitor, first 
announced by the Bell Telephone Laboratories in 
1956, is based on the use of a solid semiconductor 
in place of conventional liquid and semiliquid 
electrolytes. This development has been  signifi- 
cant: it points to capacitors of high stability, long 
shelf and operating life, and a minimized seal 
problem, with size and ratings ideally suited for 
transistor circuitry. 

Solid tantalum capacitors in various stages of 
production development have been evaluated at 
the Electronic Parts and Materials Division of the 
U. S. Army Signal Research and Development 
Laboratories and used by Signal Corps equipment- 
design engineers in breadboard  transistorized 
equipment developments. The accumulated data 
form the basis of this article. In addition, technical 
requirements were drawn up for the Industrial 
Division of the U. S. Army Signal Corps Supply 
Agency for Industrial Preparedness Study con- 
tracts to establish production facilities. The results 
of this work were also used as a basis for internal 
Laboratory procurements. Much of this document 
is reflected in the proposed Signal Corps Military 
Specification—-Capacitors, Fixed, Solid Electrolyte 
(Tantalum)—prepared by the Standardization Di- 
vision of the U.S. Army Signal Equipment Support 
Agency. 


ALBERT LUNCHICK 

U. S. Army SicNat Researcu AND DEVELOPMENT 
LABORATORIES 

Fort Monmouth, N. J. 


MINIATURE SOLID TANTALUM capacitors should find in- 
creasing use in military electronic equipment, particu- 
larly in transistor applications where their low voltages 
and small sizes make them ideal. At present, however, 
while production methods are still being improved, ap- 
plications should be tempered by the use of test-proven 
preferred ratings and approved manufacturers. In this 
respect, Specification MIL-C-3965 covering conventional 
tantalum electrolytes is used as a basis for comparison. 
(Reference is made to Table I for the ratings included 
in this investigation. ) 

For equivalent electrical ratings, the solid tantalum 
capacitor can provide volume reduction ranging approx- 
imately from 30 to 80 per cent. However, the voltage 
ratings presently available are normally limited to no 
more than 35 volts d-c. Recently, some manufacturers 
have published ratings at 50 and 60 volts d-c. 

The range of operation is —55 to +85 C, with 
changes in capacitance at these temperatures of —7 and 
+8 per cent, respectively. At 125 C, 15 per cent ca- 
pacitance changes have been observed. Capacitance 
changes for conventional tantalum capacitors at —55 C 
range downward from 10 to 60 per cent, depending on 
the style and rating. 

Direct-current leakage of the solid tantalum capacitor 
at 25 C and 85 C is 0.02 and 0.25 microamperes per 
microfarad-volt (a/pf-volt), respectively. This com- 
pares favorably with conventional foil tantalum but is 
larger, by roughly a factor of five, than the wet slug 
types. There is also a ten-fold increase in leakage at 
85 C as compared to a six-fold increase experienced 
with the wet tantalums. 

Dissipation factor limits range from 5 per cent at 
25 C and 85 C to 8 per cent at —55 C. Of equal im- 
portance as this relatively low dissipation factor is the 
dissipation factor stability at —55 C as compared to 
conventional tantalum capacitors. This reflects itself in 
relatively stable impedances over the temperature ex- 
cursion. 

Based on life tests, solid tantalum capacitors rated 
up to 30 volts d-c exhibit promising life expectancy 
(at least 9000 hr) at 85 C. Above this voltage, a con- 
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siderable number of catastrophic failures was noted. 

Solid tantalum capacitors are able to withstand with- 
out difficulty an overvoltage of 115 per cent of rated 
voltage, cycled, as described in MIL-C-3965, at 85 C. 

Based on the seal tests performed, the capacitors ap- 
pear to be adequately sealed and protected against ex- 
treme climatic conditions. The results of high-frequency 
vibration, shock and acceleration tests indicate that 
solid tantalum capacitors are of satisfactorily rugged 
design and construction. 


Test Data 


The available test data were carefully reviewed and 
screened to determine the important parameters of the 
solid tantalum capacitor. Approximately five suppliers 
are represented. Although all ratings are not repre- 
sented, these data, it is believed, do reflect the present 
state of the art. 

The results of each test will now be described and 
an attempt will be made to arrive at realistic require- 
ments which would define a procurable item. In most 
instances, tools of statistical analysis were utilized in 
establishing limits which should include an economical 
and realistic percentage of a manufacturer’s produc- 
tion. 

Direct-Current Leakage. The large mass of test data 
showed considerable variation in d-c leakage readings 
(for equivalent ratings) among the manufacturers’ 
products. More significantly, a considerable spread was 
experienced within any one manufacturer’s sample lot; 
this may be indicative of the level of production yields 
and controls. Variations among producers are more 
understandable since formation practices, tantalum 
powders, pellet sizes, pellet densities, and pyrolytic con- 


version techniques will vary with each source. The 


spread in measured values increased with increasing test 
temperatures, 

An analysis of the d-c leakage is presented in two 
unit forms: namely, microamperes and microamperes 
per microfarad-volt. The latter is used in an attempt 
to smooth out the large leakage variations dependent 
on electrical rating and anode volumes. This unit of 
measure does not apply as well for the slug form of 
anode as it does for the foil electrode construction 
since anode surface area is fixed for groups of elec- 
trical ratings. However, for the ratings included in this 
study, which are frequently maxima for their sizes, 
the pa/pf-volt factor is valid and a valuable tool. A 
summary of some of the d-c leakage limits determined 
is shown in Table I. Average or “typical” values ‘are 
avoided here since the large and erratic spread. of values 
makes them misleading. Based on the detailed analysis 
and review of the available laboratory test data, d-c 
leakage factors for 25 C and 85 C€ are 0.02 and 0.25 
pa/pf-volt, respectively. (These are based on measure- 
ments at two minutes’ electrification.) The d-c leakages 
are higher than for wet, sintered-anode tantalum ca- 
pacitors but are of a magnitude similar to foil tantalums 
of MIL-C-3965. 

Determinations were made of the relationship between 
d-c leakage and temperature from 25 C to 125 C. Low 
temperatures were excluded because of the general ex- 
cellence of low-temperature leakage characteristics of 
electrolytics. Figure 1 depicts the d-c leakage limit as 
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Direct-current leakage, .0/pf-volt 


Temperature, deg C 


Fig. 1—Solid tantalum capacitor d-c leakage vs temper- 
ature for a series of ratings. 


Equivalent series 


Temperoture, deg C 


Fig. 2—Equivalent series resistance vs temperature for 
6-uf, 10-volt solid tantalum capacitors. 


Temperature, deg C 


Fig. 3—Capacitance change vs temperature for 6-«f, 
10-volt solid tantalum capacitors, 


Direct-current leakage, zomp 





2000 4000 6000 8000 10,000 
Life, hr 


Fig. 4—Average d-c leakage (25 C) vs life (85 C, 20 
volts) for 10-uf, 20-volt solid tantalum capacitors. 





8000 10,000 


Life, hr 


Fig. 5—Direct-current leakage at various temperatures 
vs life (85 C, 10 volts) for 6-f, 10-volt solid tantalum 
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Fig. 6—Life characteristics (85 C, 35 volts) for 4.7-mf, 
35-volt solid tantalum capacitors. 
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Fig. 7—Average change in capacitance (25 C) during 
life test (85 C, 20 volts) for 10-f, 20-volt solid tantalum 
capacitors. 


a function of temperature for a series of ratings of one 
manufacturer. Roughly, the d-c leakage increase at 85 
C and 125 C is 10 and 40 times the 25 C leakage, 
respectively. However, this varies with ratings and man- 
ufacturers. Above 65 C, the curves flare out, making 
an accurate prediction of high-temperature leakage char- 
acteristics difficult. 

Dissipation Factor. The figure of merit of electro- 
lytic capacitors is frequently presented as “eq tivalent 
series resistance” or “dissipation factor.” Both are equal- 
ly effective as a yardstick of capacitor design, losses and 
process quality. The two terms are related by: 
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dissipation factor = 2xfCR 


where {= test frequency, C = capacitance, and R= 
equivalent series resistance. The test frequency used in 
this study was 125 cps. 

Attempts to arrive at a fixed factor (such as an R-C 
constant) to define the figure of merit or to pinpoint 
the equivalent series resistance and dissipation factor 
accurately as functions of ratings and temperature were 
not completely successful. The fixed-anode areas for 
large groups of ratings, non-standard pellet volumes, 
and manufacturing variations in anode metallurgy make 
a simple relationship or factor unrealistic at this time. 
Dissipation factors ranged from 1 to 8 per cent, de- 
pending on the ratings and the manufacturer. An over- 
all dissipation factor limit at 25 C of 5 per cent would 
cover all the types, ratings and manufacturers included 
in the investigation (discounting a single determination 
of 8 per cent for a sample group of 60-yf, 6-volt types). 

An analysis of the dissipation-factor/temperature re- 
lationship did not consistently yield the negative coef- 
ficient characteristic of conventional electrolytics. Most 
significant of the results is the relative constancy of the 
dissipation factor with temperature change. In most in- 
stances, the dissipation factor increased somewhat at 
the lower temperatures. (See Fig. 2 for the variations 
of equivalent series resistance with temperature for a 
6-uf, 10-volt rating.) A summary of 125 eps dissipation 
factor limits arrived at is presented below: 


Temperature, 
deg C 


Dissipation factor. 
per cent 


These limits are lower than the dissipation factors usual- 
ly specified for conventional tantalum wet-electrolytic 
capacitors of MIL-C-3965. A comparison of the various 
types follows: 


Dissipation factor 


Style at 25 C (per cent) 


Etched tantalum foil 20 
Plain tantalum foil 15 
Sintered slug (CL44) 8 


Solid tantalum 5 


The stability of dissipation factor for solid tantalum 
types over the temperature excursion, and especially at 
low temperature, surpasses by far the stability of wet 
electrolytics. 

Capacitance Stability. One of the major shortcom- 
ings of conventional wet-electrolytic capacitors is the 
drastic loss of capacitance and increase in equivalent 
series resistance at low temperatures. This is attributed 
to the poor conductivity exhibited by the liquid and 
paste electrolytes at low temperatures. Losses in ca- 
pacitance at —40 C may range roughly from 20 per 
cent for some MIL-C-3965 tantalum units to 80 per 
cent for MIL-C-62 aluminum electrolytics. On the other 
hand, at extremely low temperatures, the solid semi- 
conductor material used in the solid tantalum capacitor 
discussed here maintains a relatively constant conduc- 
tivity, which predicts a degree of capacitance and im- 
pedance stability unique among electrolytic capacitors. 
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That the above is true is very well documented by 
the temperature-characteristic test results. As opposed to 
the variations and erratic nature of the d-c leakage re- 
sults, the capacitance parameter proved to be surprising- 
ly stable, constant and equivalent fur the various rat- 
ings and manufacturers evaluated. As an example, the 
loss in capacitance limits determined independently 
among six different test groups ranged from 4 to 7 per 
cent at —55 C. At 85 C, the gain in capacitance change 
limits ranged from 4 to 8.5 per cent. It is believed that 
the following limits on stability will adequately cover 
most of the ratings and manufacturing variations: 


Temperature, Capacitance change, 
deg C per cent 
—55 
+85 + 
+125 +1! 


The stabilities demonstrated here far surpass any wet- 
electrolytic capacitor stabilities and constitute an im- 
portant advance in the capacitor art. Figure 3 illustrates 
the capacitance change limits determined for 6-yf, 10- 
volt units over a —55 C to +125 C temperature ex- 
cursion. These stabilities, together with the excellent 
equivalent series resistance stabilities discussed earlier, 
equate to comparatively constant and low impedance 
values at —55 C. 

Life Performance. Twelve sample groups, comprising 
various ratings of five manufacturers, were subjected 
to operational life tests. These tests were performed only 
as a preliminary design check and were at no time in- 
tended as a comprehensive reliability study. Life tests 
were conducted at 85 C with rated voltage applied for 
periods as long as 9000 hr. Measurements of d-c leak- 
age, capacitance and equivalent series resistance were 
made at numerous intervals. 

A summary of life test results noting only the cata- 
strophic failures (i.e., sudden shorts, opens and blow- 
outs) is shown in Table II. 

A disturbing phenomenon is the erratic nature of the 
d-c leakages of surviving samples during the life tests. 
Leakage increases of as much as 15 times the initial 
values were noted. In the case of one make of capacitor, 
the opposite was noted and an aging effect observed. 
Reference is made to Figs. 4, 5 and 6 where “leakage 
vs life’ curves are shown for those instances where 
the leakage data lent themselves to such a presentation. 
Although the erratic nature of the leakages did not, 
most cases, lead to failure within 9000 hr, such a situa- 
tion is inherently a danger signal of design, quality, 
or production weaknesses 

In several instances initial high out-of-limit d-c leak- 
ages did predict early life failure. However, in general, 
catastrophic failure was not predictable nor made im- 
minent by high or erratic leakages. Other life param- 
eters proved to be ineffective for forecasting failure. 
Capacitance changes were very small, Fig. 7, and within 
5 per cent over the 9000-hr life period. These changes 
were independent of the d-c leakage rise. In most cases 
the equivalent series resistance decreased during life. 
Resistance increased, however, whenever the leakages 
rose to values exceeding 100 pamp. It is of interest to 
note that a good percentage of the catastrophic failures 
listed occurred within 250 hr. It may be advisable to 
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mabie b-Bireci-Covrent Lechage Limite of Selle 


pa/pf-volt 


Microamperes 


Rating | 
(volts) 25C 85 C 85C 


60 uf, 6 25 . 0.07 
22 wf, 15 40 ‘ 0.12 
10 uf, 20 45 ‘ 0.23 
15 yf, 15 50 ‘ 0.16 


6 pf, 30 19 ; 0.10 
4.7 uf, 35 40 ; 0.25 
20 uf, 35 145 0.21 


include short production “burn-in” or “de-bugging” life 
tests to weed out these early failures. 

Miscellaneous Tests. Over-voltage tests consisted of 
cyclic applications of 115 per cent of rated voltage for 
30 sec at 6 min intervals for a total of LOUO cycles. 
These tests were conducted at 85 C on small representa- 
tive samples and no shorts, opens, or other adverse ef- 
fects were noted. Based on the results, the solid tanta- 
lum capacitors can withstand this overvoltage test with 
capacitance changes of less than 5 per cent. Direct- 
current leakage and equivalent series resistance values 
were unpredictable, but to a lesser extent than the life 
test parameters. It is believed that leakage and equiva- 
lent series resistance values (following the over-voltage 
test) of up to 150 per cent of initial values must be 
allowed to cover these parameters. 


Approximately ten samples, 0.175 in. diam x 0.438 


n. long, were exposed in turn to the following mechani- 
cal environment tests per MIL-C-14157 


e High-frequency vibration from 10 to 2000 cps at 


10 g. 


e Shock test consisting of 30 impact shocks of 50 g. 
e Acceleration tests of 50 g. 


The capacitance, d-c leakage, and equivalent series 
resistance changes resulting from these shock tests were 


(Continued on page 128) 


Table lI—Solid Tantalum Capacitor Life-Test Results 


Total Time of 
Rating Quantity! | No. of test time, failure, 
(volts) tested failures hr hr 
10 yf, 20 6 9000 4500 
10 pf, 20 6 9000 1500 
6 uf, 10 6 9000 _— 
109 uf, 8 16 9000 _ 


10 uf, 20 5 9000 6000 

15 uf, 15 12 215 215 

4 uf, 35 10 215 24 to 215 
6 uf, 30 6 9500 _ 


20 uf, 35 6 1000 390 
4.7 uf, 35 12 3000 250 
4 uf, 35 10 3000 12 

4 pf, 50 10 2700 100 to 2700 














Fig. 1—Electron-tube parts utilizing steel clad on both surfaces with aluminum. (Source: Metals and Controls Division, Texas 
Instruments, Inc.) 


Clad and Laminated Metals— 
Their Design Potentials 


1 combination of two or more metals DESIGN LIMITATIONS inherent in a single metal may, in 

; 5 : solving a particular design problem, be overcome by 
gives a composite that embodies opttmum utilizing the superior properties of metallurgically bonded 
metal combinations. 


properties of each ina supersor final prod- The bonding of two metals may be accomplished in a 


uct. Presented are several examples of variety of ways. However, such methods may be broken 

; down into a relatively few general classes. A good metal- 
design problems solved by these com- lurgical bond may be obtained by the simultaneous appli- 
cation of heat and pressure. This would include pressure 
welding, cladding by hot rolling and hydrostatic pressure 
binations are included to show their ad- methods. 

Bonding by pressure with the subsequent application 
of heat may be illustrated by the process of powder 
metallurgy. Puddling, dip coating, fusion welding, braz- 
ing and soldering are illustrative of bonding by heat 
without pressure. There are several examples of bonding 
with neither heat nor pressure. These include electro- 
plating, vacuum coating and deposition from vaporized 
compounds, 


bined metals. Discussions of various com- 


vantages in design applications. 
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The metallic bonds which exist between the atoms of 
a metal can also exist between atoms of different 
metals. Thus, the bond which gives a piece of solid metal 
its strength and ductility and the bond holding the layers 
of a clad metal together are similar in nature. 


Precious Metals 


Modern processes of manufacture make it possible to 
clad gold, silver or platinum on a base metal. These mate- 
rials are commonly available as flat sheets clad on one or 
both sides, or as rectangular sections clad on four sides. 
Special configurations are also available with the precious 
metal specified as an inlay, edge-lay or “thru”-lay as 
may be functionally required. (See Table I.) 

The high conductivity of silver and its alloys, and the 
arc, corrosion and atmospheric resistance of the platinum 
metals are essential to the proper operation of electrical 
equipment, notably in the area of contact materials. To 
obtain these properties in designs utilizing a single metal 
would limit use of the precious metals to only the most 
critical applications. The availability of precious metals 
laminated to base metals makes possible high standards 
of manufacture at minimum cost, since only small 
amounts of the precious metals need be used. Typical 
designs include relay contacts, collector ring assemblies. 
brushes, switches of all types, and tuner parts in televi- 
sion receivers. 

Laminated precious-metal materials may be supplied 
in many forms. Typical combinations widely used are 
coin silver on phosphor bronze, fine silver on fine copper, 
palladium-silver alloy on 10 per cent nickel-silver, and 
silver-cadmium on beryllium-copper. Any silver alloy 
may be combined with a wide variety of base metals, 
including stainless and low carbon steels, copper, beryl- 
lium-copper and _ nickel. 

Laminated precious-metal tubing has opened new fields 
of application. Tubing of any shape may be clad on the 
inside, the outside, or both sides. Included are silver- 
laminated waveguide tubing, in which a hard-drawn layer 
of fine silver is bonded on the inside of the tubing to 
give excellent corrosion resistance and low attenuation. 
Invar waveguide tubing with silver lamination has added 
thermal stability. 

Laminated wires in almost any conceivable shape are 
widely used in instruments, electronic components and 
as formed springs. For high-frequency inductors, both 
high conductivity and strength are obtained by silver- 
clad steel wire. Where thermal stability is an added con- 
sideration, silver over Invar is used. 

Crossbar contact material is one of the particularly 
important special wire tapes. This is a laminated tape in 
which a precious metal cap is bonded to a base metal. 
Developed by Bell Telephone Laboratories for use in tele- 
phone relays, crossbar contacts have found wide applica- 
tion in miniature relays. 

Gold is frequently used for industrial applications be- 
cause of its corrosion resistance. When alloyed with other 
metals, it maintains its corrosion-resistant properties and 
acquires added characteristics such as increased wear 
resistance, hardness, good tensile strength and lower 
material cost. 

Silver is a preferred material because of its high elec- 
trical and thermal conductivity and its corrosion resist- 
ance. Platinum metals offer high resistance to corrosion, 


JUNE 1959 


Copper core Aliron 
(A5/) 





Carbonized nickel 


Total emissivity (x |0O) 








“600 ~—-700 
Deg C 
Fig. 2—Thermal radiation properties of copper-cored Aliron 


compared to those of carbonized nickel. (Source: Metals and 
Controls Division, Texas Instruments, Inc.) 
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Vig. 3—-Temperatures of the coolest and hottest portions of the 
6005 tube plate vs total plate dissipation. (Source: Metals and 
Controls Division, Texas Instruments, Inc.) 
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6005 tube. (Source: Metals and Controls Division, Texas Instru- 
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Table !—Properties of the Precious and Rare Metals* 


Metal 


Silver 


Gold 


Platinum 


Palladium 


Rhodium 


Ruthenium 


Beryllium 
Molybdenum 


Columbium 


Tantalum 


Tungsten 


Zirconium 


*Source 


{Hardness 


Metals 
VPH = 


Handbook, 
Vickers Pyramid Hardness; 


Condition 


Annealed 


Annealed 


Aaneted 


Annealed 


Annealed 


As cast 


Cast, 
forged, 
annealed 


Hot rolled 
bar 


Annealed 
sheet 


Annealed- 


wire 


Worked- 


wire 


Swaged 


Annealed 


Tensile 


strength, 


pal 


22,900 


19, 000 


18, 000 


25,000 


73, 000 


100 ,000 


50,000 


100 ,000 


180 ,000 


215,000 


36,000 


Yield 


strength, 


psi 


7,900 


99 ,800 


16,000 


American Society For Metals. 
BHN 


Brinell Hardness Number 


Per 
| cent | 
elon- 
|gation | 
48 | 27 VPH 


45 25 BHN 


25-40 39 VPH 


30 38 VPH 


125 VPH 


220 VPH 


0 | 97-14 BHN 


420 BHN 


; R/B 


Hardness { 


Modulus 
of 
elasticity, 
10° psi | 


11.3 


11.6 


21.3 


60 


36.8 


Rockwell Hardness 


Electrical 
resistivity, 
microhm- 


cm 


1.59 


2.35 


10.6 


10 
4.! 


Scales. 


| 





| 
| 


} 


Applications 
Used in electrical doview and 
brazing and bearing alloys. 


Electrical and brazing alloys. 


Thermocouples and electrical 
contacts. 


Used in ehecteicel contacts. 

High, uniform reflectivity; 
plated on palladium for elec- 
trical contacts; alloying ele- 
ment with platinum for ther- 
mocouples. 
Hardener 
palladium. 


for platinum and 


Alloying dement. | in copper, 
aluminum or magnesium base 
alloys. 





Vacuum tubes, X-ray target, 
contacts, switches, glass-metal 
seals, welding electrodes. 
“Used as carbide stabilizer in 
austenitic stainless steels. Im- 
proves high-temperature prop- 
erties of heat-resistant alloys. 
Rectifier doment for a-c anode 
and grid element in vacuum 
tubes. 


Filaments in  fomee, electrical 
contacts; alloying element in 
ferrous and cobalt-base alloys. 


Gas absorber in vacuum sabes. 


Table il—Physical Properties of Pure Platinum-Group Metals* 


Properties 


Atomic number 
Atomic weight 
Density 


Lattice structure 


Melting point 


Platinum 
78 
195.23 
21.45 


fc c 


1773 


Thermal conductivity 


Thermal expansion 


Specific heat 


Electrical resistivity 


Temperature coefficient | 
Magnetic susceptibility 


Reflectivity 
Tensile strength 


Proportional limit 


Elongation 


0.166 


8.90 
0.0317 
10.60 


3.92 
1.10 
65 
22 
2to5 


30 to 40 


Modulus of elasticity 


*Source 


80 


22 


Palladium 


46 
106.70 
11.96 


fee 
1554 
0.161 
11.00 


0.0584 
10.70 


30 to 40 
16 


Metals and Controls Division, Texas Instruments, Inc. 


1960 


Rhodium 


45 
102.91 
12.40 


44 
101.70 
12.30 
fec fec 
2550 


0.360 


8.19 
0.059 
4.70 


4.60 
1.14 
70 
48 


5 
40 


Ruthenium 


Iridium 


77 
193.10 
22.40 


fec 
2442 


0.350 


6.50 
0.032 
30 


00 


a0 


gm/cu cm at 20 C 


Platinum unit cell 3.9158A 
deg _ 


cal/sec sqcm/ /degC/em 


10° | per deg C (0-100 C) 
cal/gm/deg C (0-100 C) 
microhm-cm at 20 C 


10° per deg C (0-100 C) 
10° mass units at 18 C 

per cent .576 

10° psi annealed 

X10* psi annealed 

per cent in 2 in. as annealed 
tension X 10? lb/sq in. 
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retain uniform electrical contact resistance, and have 
very high melting points. 

Metals clad with a brazing alloy consist of a layer of 
the brazing alloy permanently bonded on one or both 
sides of a precious metal, a base metal or a clad metal. 
Clad metals of this type are beneficial in applications 
where there are large areas to be brazed, where there are 
small pieces to be handled, when the location of the joint 
makes it difficult to place the metal in position for braz- 
ing by conventional methods, or when there are several 
joints to be made to one component (such as in joining 
several wires to a common element). 

These metals provide for economical and efficient braz- 
ing operations. The separate handling of sheet brazing 
material can be reduced. The number of metal surfaces 
to be cleaned and fluxed are in turn decreased. The in- 
tegral bond between the brazing alloy and the parent 
metal ensures a minimum of voids in the final braze. For 
electrical applications, the layer of brazing material pro- 
duces a homogeneous bond with high electrical and ther- 
mal conductivity. 

The properties of the platinum-group metals are well 
known, their main characteristics being high melting 
points and high resistance to corrosion. Platinum and 
rhodium are highly resistant to oxidation at high tem- 
peratures. Some of the other metals of the group, such as 
iridium and ruthenium, are very hard and can be com- 
bined with platinum and palladium to give alloys which 
have, to a great extent, the characteristic properties of 
the metals used. Relationships of properties in the plati- 
num group are shown in Table II. Some of the present 
applications of platinum-clad metals include electrical 
contacts, slip rings, electrodes, anodes and cathodes. 

Platinum is a ductile metal with an ultimate tensile 
strength, at 70 per cent reduction, of 45 * 10° psi. By 
cladding platinum on a stronger metal, the mechanical 
properties of the composite material can be greatly in- 
creased while maintaining, where required, the surface 
properties of platinum. On Inconel or Hastelloy C, for 
instance, an ultimate tensile strength near 120 >< 10° psi 
can be approached as the platinum overlay is made pro- 
gressively thinner. 

The electrical and thermal conductivities of platinum 
are approximately 16 per cent those of silver or copper. 
By cladding platinum on silver or copper, advantage can 
be taken of the surface properties of platinum, with 
greatly increased conductivity due to the copper or silver. 


Aluminum Combinations 


The light weight, ductility, high electrical and thermal 
conductivity, and good corrosion resistance of aluminum 
make it ideally suited as a base or backing metal in 
cladding operations. 

Copper-Clad Aluminum. A material used for com- 
ponent housings, cases, chassis and inter-chassis frames. 
wave guides and variable capacitor blades is a copper- 
clad aluminum. Chassis fabricated from this combination 
offer low-resistance r-f shield connections, which are 
particularly desirable in high-frequency operations. This 
material consists of a layer of aluminum on which a layer 
of electrolytic copper is clad on either one or both sides. 
The metals are inseparably bonded by a solid-phase 
bonding process without the use of a brazing alloy or 
other intermediate material. The result is a continuous 
bond which retains the strength of the aluminum used 
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Fig. 5—Effect of copper-base Aliron vs nickel-clad steel on 
thermal characteristics of 5U4GB tube. (Source: Metals and 
Controls Division, Texas Instruments, Ince.) 
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Fig. 7—Vanes of the magnetron anode shown are stamped 
from copper-clad molybdenum sheet. Inner ring is machined 
from the same material. (Source: Fansteel Metallurgical Cor- 
poration.) 
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plus the structure and properties of solid wrought copper. 
(See Table III.) 

This copper-aluminum combination is an excellent con- 
ductor of electricity and heat, either parallel or perpen- 
dicular to the surface. Significantly, the copper-aluminum 
combination is similar in properties to a composite of 
aluminum and fine silver. This latter has been used for 
lightweight contacts and contact components requiring 
no flexing. Silver-aluminum composites are used for rec- 
tangular wave-guide tubing. A fine silver lining with a 
polished surface provides efficient electron transmission. 
while the aluminum insures a lightweight structure. 

Aluminum-Coated Steel. This material combines 
the inherent strength of carbon steel with aluminum’s 
resistance to atmospheric corrosion and provides good 
heat reflectivity and heat resistance. Typical uses of 
aluminum-coated steel sheets are in home appliance prod- 
ucts: kitchen range components, laundry units, space 
heater reflectors and parts. In producing aluminized 
steel, molten aluminum is applied directly to the steel in 
a patented process and the finished product, coated on 


both sides, combines the surface characteristics of alumi- 
num with the mechanical and physical properties of steel. 
The coating provides high heat reflectivity while the core 
gives the tensile and yield strength, endurance and work- 
ing qualities of steel. The two metals together resist the 
combination of heat and corrosion better than each one 
by itself. 

Aluminized steel will withstand temperatures up to 
900 F without discoloration and up to 1250 F without 
destructive scaling. Above 900 F the coating begins to 
alloy with the steel core, forming a tight gray surface 
layer of iron-aluminum alloy. This combination forms 
a good refractory material. Aluminized steel reflects 
approximately 80 per cent of the radiant heat thrown 
against it up to 900 F. Some applications of aluminized 
steel include cabinets for high-frequency equipment, 
heating-element reflectors in laundry dryers, space-heater 
parts and electric-element wrappers in water heaters. 

Aliron (aluminum clad on both sides of a low-carbon 
steel) is used as an alternate material for pure nickel 
strip in electron-tube applications (Fig. 1). It is of inter- 


Table tli—Physical and Mechanical Properties of Some Clad Aluminum Composites* 
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est to note that this material does not require the car- 
bonizing operation ordinarily performed on nickel parts 
for some tube applications (Fig. 2). For some electron- 
tube parts, a thin nickel layer is placed on one side of 
the material. There is thus a low carbon steel with a 10 
per cent cladding of aluminum on one side and 10 per 
cent pure nickel cladding on the other. 

\ zinc-clad aluminum alloy promises to overcome many 
problems associated with soldering of heat-exchange 
equipment. Since the clad alloy is produced with either 
one or both sides zinc-clad, this material brings aluminum 
within range of the ease of solderability of copper. 


Copper Combinations 


Two new materials for electron-tube anodes, a three- 
and a five-layer composite strip, consist of aluminum- 
clad steel on both sides of a copper base and a composite 
with aluminum-clad steel on one side of a copper base. 
The aluminum-steel surface can be converted by heating 
to give a high thermal emissivity. The copper gives high 
thermal conductivity while that portion of the steel not 


kulgrid 28 at 75OF 
| \ 


hig. 8—Resistivity vs time at specified temperatures for three 
composite copper wires, (Source: Sylvania Electric Products, 
Ine.) 


converted contributes to the strength of the material. 

The temperature advantages gained through this mate- 
rial plus the nature of the material result in a lower level 
of gas liberation, greater uniformity of tube processing, 
and an improved margin of safety in accordance with 
the tube ratings. Other advantages obtained through use 
of these anode materials are the reduction of grid emis- 
sion in amplifier tubes and a decrease of back emission 
in power rectifier and damper tubes. 

The miniaturization of receiving tubes along with the 
constant increase in electrical performance demands have 
produced a situation in which the margin of safety of 
many characteristic aspects is no longer sufficient for 
good reliability and long life. The margin of safety re- 
ferred to is one of temperature, particularly that of the 
anode, since the anode is usually the element where most 
of the heat in the tube is generated. In addition, the 
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anode is required to re-radiate the heat generated in the 
other elements of the tube. Of particular concern is maxi- 
mum or hot-spot temperature of the anode. These hot 
areas are of considerable concern in that they give rise 
to the most gas evolution from the anode and are so 
positioned that they cause an increase in temperature of 
other elements of the tube such as the grids, cathode and 
envelope. 

The aluminum-clad steel on both sides of a copper base 
(copper-cored Aliron)* and the aluminum-clad steel on 
one side of a copper base (copper-base Aliron)*, al- 
though essentially the same for radiation and thermal 
conduction purposes, differ in their application. The 
former is preferable for amplifier tubes while the latter is 
preferred in rectifiers. 

An amplifier tube, 6005, shows an application of the 
copper-céred material. The tube has a round barreled 
plate without radiating fins. The heat generated by elec 
tron bombardment is restricted to two narrow vertica 
strips, producing areas of the highest anode temperature. 
Figure 3 shows the temperatures of the coolest and hottest 
portion of the plate vs total plate dissipation. This figure 
shows that when the copper-cored material is compared 
with carbonized nickel, the temperature difference be- 
tween the hot and cool portions in less, with some reduc- 
tion in temperature of the hot portion. These reduced 
temperatures have an effect on power output life, as 
shown in Fig. 4. 

Copper-base Aliron provides advantages when used in 
rectifiers. These tubes usually have the highest anode 
thermal concentration of the various types of tubes. It 
is particularly difficult to relieve these areas of heat’ by 
the addition of radiating fins. Another problem is that 
some materials, when exposed directly to the cathode. 
have a poisoning effect on cathode emission. Copper. 
when facing the cathode, has little if any of this effect. 
Figures 5 and 6 show the effect of this copper-clad mate- 
rial vs carbonized nickel-clad steel on the pertinent ther. 
mal characteristics of the 5U4GB. 

Molybdenum. Clad molybdenum has been used to 
fabricate electron-tube components. for several years. 
Copper-clad molybdenum is used as a magnetron com- 
ponent (Fig. 7). Rings are machined from cups drawn 
from the clad sheet, and assembled to the web structure 
which is composed of sheet-metal parts punched from 
clad strip. To make the copper-clad components, molyb- 
denum sheet is encased in high-purity copper sheet, 
heated to 700-900 C and rolled to finished dimensions. 

Composite Wires. In wiring for the aircraft in- 
dustry, conductor temperatures of 750 F are often en- 
countered. With increasing aircraft speeds, conductors 
operating at an ambient temperature of over 1000 F will 
be required. One approach to this problem is through 
composite wires, employing either an electroplating or 
a cladding process, depending on the thickness of coating 
and the type of metal required. In the plating process. 
wire is plated at rod size and then cold drawn to finish 
diameter. In the cladding process, a high-conductivity 
rod is inserted into a seamless tube and the composite 
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Overspeed-Overtorque Detection 


The unique pulse-timing technique used 
for overspeed and overtorque detection 
in a high-speed (110,000 rpm) testing 
machine is applicable to many similar 
systems which operate at comparable 
speeds and where extremely rapid shut- 
down is necessary to protect personnel 
and equipment. The electronic circuitry 


employed is inherently fail-safe. 


MERLE E. FITCH 
Research Engineer 
Scientific Laboratory 
Foro Motor Company 
Dearborn, Michigan 


As THE RATED ROTATIONAL SPEED of machinery increases, 
it is necessary to obtain dynamic test data on bearings, 
shaft seals, lubricant, etc. at progressively higher speeds. 
In order to obtain the desired information on the item 
being tested, torque and temperature measurements must 
be taken during operation at high speeds. At these speeds 
it is important to have, in addition to the measuring 
instruments, sufficient safety devices to protect both per- 
sonnel and equipment against centrifugal disintegration. 
In a testing machine built at the Ford Scientific Labora- 
tory, the speed goes up to 110,000 rpm. Speeds at which 
disintegration can occur may be reached in 80 millisec 
after the failure of certain components, so the safety 
devices must be quick-operating and fail-safe. 

In the equipment described here, an electrical shutofl 
signal is generated within 10 millisec of the occurrence 
of overtorque or overspeed and the device which shuts 
down the equipment is designed to operate within 17 
millisec after receipt of the signal. Thus the total max- 
imum elapsed time from the occurrence of overtorque or 


* This article is based on a paper originally presented at the IRE-AIEE Industrial 
Electronics Conference in Detroit, September 1958, and subsequently published 
in PCIE Transactions, No. 8. 
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overspeed to shutoff is 27 millisec, giving a safety factor 
of a little less than 3 when compared to the 80 millisec 
time for disintegration. 

To obtain these high speeds, an air turbine is used to 
drive the load and torque is measured by using a small 
flexible shaft of 0.1050 in. diam music wire and measur- 
ing its torsional deflection under load, which is almost 
wholly frictional. To measure speed and angular displace- 
ment at high speed, pulse counting techniques are em- 
ployed. Pulses are generated by magnetic pickups and 
they are converted, by electronic circuitry, to a voltage 
signal which controls a solenoid air valve through a 
relay. The valve shuts down the air turbine in the event 
of overspeed or overtorque. 

Figure 1 shows the arrangement of the magnetic pick- 
ups. Although only one of them shows, there are two 
such pickups on the turbine end and they are spaced 78 
deg apart. Pulses are generated in the pickup coils by 
magnetic pins mounted on non-magnetic disks. The way 
in which the pulses are used to obtain overtorque control 
(as indicated by a broken shaft or excessive torque) and 
overspeed control is described in the following para- 
graphs. 


Magnetic pins 


Non-magnetic disk 
‘nd coupling ._ 


Flexible shoft 
0.1050 diam 


music wire 


Air turbine 


Fig. 1—Magnetic pickups on each end of flexible drive 
shaft from air turbine provide timing pulses to control 
speed and torque of high-speed bearing and shaft-seal 
testing machine. 
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by Pulse Timing 


Overtorque Protection. The time relationship of 
the pulses generated in the three magnetic pickups is 
shown in Fig. 2. Pulses 1 and 2 are obtained from the 
two pickups on the turbine end spaced 78 deg apart. 
Pulse 3A is obtained from the pickup on the load and 
its relation in time to pulses 1 and 2 is determined by the 
amount of torque transmitted by the shaft. An increase 
in torque causes pulse 3 to lag its normal position (3A) 
so that it occurs at some other position, 3B. Pulse 4 is a 
positive gate produced by pulses 1 and 2 in the bistable 
multivibrator shown in the block diagram in Fig. 3. 

In the adder circuit (Fig. 3), pulse 3 is added to gate 
1. For normal operation, the output of the adder is signal 
5A. When overtorque exists, pulse 3 occurs outside the 
gate and signal 5B is obtained. The highest d-e« level of 
this overtorque signal is large enough to trigger a voltage 
comparator which operates an assemblage of components 
that acts as a bistable switch controlling the normally- 
closed solenoid valve. The valve is normally held open 
by current flowing through the bistable switch and is 
closed, interrupting the turbine air supply, when the 
switch is opened. After the occurrence of an overtorque 
condition, signal 5B is generated within one revolution 


Fig. 3—Block diagram of overtorque control circum. Mgnuo! 


JUNE 1959 


Bistable 
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of the turbine. To resume operation, the bistable switch 
must be reset manually. 

The width of pulse 4 is a function of the time between 
the lagging edges of pulses 1 and 2 and is approximately 
equivalent to the amount of time required for the turbine 
to rotate 78 deg. In selecting the 78-deg angle it was 
necessary to compromise between the shaft rigidity re- 
quired for torque transmission and the flexibility required 
for accurate torque measurement. A more flexible shaft 
giving a greater angular twist for the same torque will 
increase the accuracy of torque measurement. The shaft 
must be rigid enough that normal torques will not exceed 
the elastic limit, causing permanent deformation. In this 
case, the 78-deg angle corresponds to the maximum twist 
expected under normal operation for a shaft just rigid 
enough to transmit normal torques. 

Actually, the width of pulse 4 is 78 deg plus 220 micro- 
sec, the width of pulse 3. This is accomplished by making 
pulse 2 longer by 220 microsec than pulse 1. The pur- 
pose of this arrangement is to effectively cancel the width 
of the load pulse, causing the circuit to operate as 
though the width of the gate were exactly 78 deg. 

Detailed Circuitry. Some of the details of the 
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adder, voltage comparator, and bistable switch circuits 
1. Tube 1 is a twin triode in which 
gate 4 and pulse 3 are added. When neither side of the 
tube is conducting, the plate voltage is at the i level of 


are shown in Fig. 


signal 5B in Fig. 2. This occurs, of course, only when 
pulse 3 is outside the gate —as when there are over- 
torque conditions and pulse 3B is applied to one half of 
the tube. During normal operation, the A half of the tube 
is conducting only when gate 4 is on, and the B half 
conducts all of the time except during the negative por- 
tion of pulse 3A. Under these conditions the highest 
level reached by the plate voltage is that at e in signal 
5A. When both halves of the tube are conducting, the 
level of the plate voltage is at d in Fig. 2. 

When the high level of signal 5B occurs, the cathode 
of Tube 2, a pentode whose grid is permanently biased, 
is driven so far positive that the tube stops conducting. 
The cutoff of Tube 2 opens the cathode circuit of Tube 3, 
a thyratron, which then also stops conducting and the 
relay is de-energized. The latter, in turn, de-energizes a 
solenoid valve to stop the flow of air to the turbine. 

Tube 2 is called a comparator since it effectively com- 
pares its cathode voltage to a constant grid voltage and 
the combination of Tube 3 and the relay is called a 
bistable switch since the thyratron’s grid is negatively 
biased and, once shut off, it cannot start to conduct again 
until switch S1 is closed to raise the level of the grid 
above cutoff. Similarly, once it is triggered, the thyratron 
continues to conduct until the cathode circuit is opened 
by the shutoff of Tube 2. 


is not used because positive action is required within the 


A conventional latching relay 
length of pulse 3 (220 microsec). 


The capacitor and resistor shown across the relay 
coil in Fig. 4 are used to remove the effect of voltages 
induced in the coil by normal fluctuations of the thyra- 
tron plate current. These fluctuations are caused by the 
variation in signal 5A between levels d and e and their 


effect could build up in the coil and eventually bring 
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Comporotor 


Bistob!i 
switch Fig. 4 (left)—Detail of overtorque 
control circuit showing pulse shapes 


at various points. 


Solenoid 
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Fig. 5—Pulse shapes at point Z of 
Fig. 4 at low and high speeds. 


operation of the bistable switch. 
Fail-Safe Features. Since the input signals to the 


adder circuit are not fail-safe, the circuit is designed so 


about impropet 


that a cutoff signal is generated if either of the inputs 
should fail. This is accomplished by biasing both sections 
of the tube below cutoff so that conduction in either half 
occurs when there is a positive signal. 

The positive portion of signal 3 is of comparatively 
long duration and decays toward the 75-volt supply 
until interrupted by the negative portion of the signal. 
The leading edge of this positive portion drives the B 

| 


half of Tube 


clamped level of 


into conduction since it starts from a 
75 volts. This diode clamping or dif- 
ferentiation of the negative portion raises point Z of 
Fig. 1 to 


This decaying and clamping action is shown in Fig. 5. 


75 volts before the end of the negative portion. 


Signal 4 at point Y of Fig. 4 has a similar waveshape but 
is free of clamping. 

The R-C time constant of the grid circuit is adjusted 
to prevent the grid voltage from decaying below zero 
before completion of the longest possible positive portion 
of the signal. When the negative pulse occurs, the bias 
75 and the diode across the bias 
resistor starts to conduct. This has the effect of differen- 
tiating the bottom of the pulse so that the bias rises to 

75 by the end of the pulse. This ensures that the return 


voltage goes below 


of the positive portion of the pulse will be sufficient to 
raise the grid voltage above zero and cause the tube to 
conduct. No diode is used across the bias resistor in the 
A half of the tube since the gate signal is negative the 
greater portion of the time. 

If for any reason there should be a decrease in the 
width of the negative portion of pulse 3, a greater torque 
would be permitted before shutoff. Consequently, the 
circuits are designed so that a pulse width reduction of 
approximately 50 per cent at speeds below 10,000 rpm 
will cause a shutdown, This is accomplished by the failure 


of the grid bias to return to —75 before the completion 
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Fig. 6—Block diagram of overspeed measuring circuit. 


of the shortened pulse. This reduces the d-c level of the 
signal, permitting the grid voltage to decay below cutoff 
before completion of the positive portion of the signal. 
In starting the equipment it is necessary to override this 
portion of the controls. 

An appreciable increase in the width of the 78-deg 
gate will reduce the absolute value of the positive portion 
of the signal on the A half of the tube, causing shutoff 
in the same manner as a decrease in the width of pulse 3. 
A decrease in the width of the gate will cause shutoff 
with less torque. Changes such as these in the width of 
the gate are highly unlikely since the length of the gate 
is basically determined by the mechanical displacement 
of the two pickups. 

Failure of Circuit. The previous 
concerned with the fail-safe characteristics in case of 
input signal failures. The circuit is also fail-safe with 
regard to power supplies and tube emissions. If the plate- 


discussion was 


supply voltage shorts to ground, the total voltage across 
the relay, thyratron, and pentode would be only 75 volts, 
which is insufficient to keep the relay energized. If there 
is a complete loss of the plate supply, the relay would 
also be de-energized. The nominal value of the plate 
supply is 300 volts and the components are chosen to 
provide a shutdown of the equipment if the voltage 
varies beyond the limits of 260 and 315. 

In the event of a failure of the 
pentode (Tube 2) will be cut off by the rise in cathode 


75 volt supply, the 


potential. The circuits are designed to shut down if this 
voltage varies beyond the limits of —50 and 90. If 
either side of Tube 1 fails to conduct, a shutoff signal 
will be generated as soon as the other half of the tube 
reaches the point in the cycle where it does not conduct. 
Of course, if either the pentode or the thyratron fails. 
the current to the relay will be immediately cut off. 
Overspeed Protection. A block diagram of the 
overspeed control circuit is shown in Fig. 6 and the time 
relationship of the pulses involved is shown in Fig. 7. 
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Just as in the overtorque circuit, pulses | and 2 are used 
to generate gate 4 in a bistable multivibrator. Pulse 3 
is a variable-width gate generated by pulse 1 in a Phan 
tastron circuit. The width of the Phantastron gate is pre 
set to correspond with the maximum desired speed. The 
width of the 78-deg gate (pulse 4) varies inversely with 
speed. The two gates are compared in the adder circuit, 
and when gate 4 is narrower than gate 3, overspeed is 
occurring. Normally the output of the adder is a negative 
pulse, 5A. When overspeed occurs, it is positive. The d- 
level of this positive pulse is high enough to trigger the 
voltage comparator, causing the bistable switch to open 
and shut off the turbine in the same manner as in the 
overtorque circuit. The overspeed signal develops within 
one revolution after overspeed occurs. 

The bistable multivibrator and solenoid valve are com 
mon to both overtorque and overspeed controls. The cir 
cuitry of the adder, voltage comparator and_ bistable 
switch are identical for both controls but not common 

The details of the overspeed adder circuit are the 
same as those in Fig. 4. As speed increases, the width of 
gate 4 decreases until it becomes narrower than the 
preset Phantastron gate. When this occurs, both sections 
of the twin triode are cut off simultaneously during a 
portion of every revolution, causing a positive signal at 
the plate. This positive signal triggers the voltage com 
parator and actuates the bistable switch just as before 
The maximum speed desired can of course be set by 
varying the width of the Phantastron gate. 

The same fail-safe features are present in the over 
speed control that exist in the overtorque control, except 
that the width of the Phantastron gate must be specially 
checked. This may be done by running the turbine up to 
the overspeed setting and checking for a shutoff signal 
A shutoff signa! will be indicated even though the safety 
devices are being overridden, This feature permits testing 
the overspeed control without actually shutting off the 
turbine. 
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The Fundamental Nature 


of Shock and Vibration 
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TO THE DESIGN ENGINEER, shock and vibration are 
not per se new considerations. Mankind’s tools, 
appliances, machines, vehicles and structures, in all 
their diversity of size and function, have always 
been designed to withstand the effects of these en- 
vironments. Classical physics defines their nature: 
classical mathematics explains their behavior. But 
what is new in shock and vibration is the extra- 
ordinary importance that these factors have ac- 
quired in the context of contemporary design. The 
increasingly exacting measure of equipment and 
systems reliability has become the measure of the 
ability of equipment to withstand extreme and 
intense shock and vibration. 

The impact of shock and vibration as critical 
considerations has been particularly strong in the 
intricate areas of design such as missiles, where 
such factors as airborne vibration and combined 


environments are encountered. But the impact is 
not limited to these areas only; it is being increas- 
ingly felt in all equipment categories. A shock and 
vibration problem begins to assert itself in the very 
first stages of development of a domestic clothes 
washer no less than in that of the electronic sys- 
tem of a space vehicle. There is therefore an urgent 
need today for a basic interpretation of the nature 
of shock and vibration related broadly to the prac- 
tical functions of equipment design and testing. 

This basic information is particularly needed at 
present because many of the new and exacting per- 
formance requirements have emerged almost wholly 
from today’s matrix of science and engineering. 
The design engineer finds no history, no back- 
ground of prior experience for similar require- 
ments and for similar environments. Without the 
benefit of rules developed from such experience, he 
must necessarily approach his problems through an 
understanding of the fundamental principles. These 
principles must not only be applied to the design of 
equipment but should also be carried through to 
test methods. and instrumentation. Environments 
must be thoroughly comprehended and carefully 
simulated if the tests are to prove the design and 
give confidence in it. 

The theory of shock and vibration, the types of 
damage, and the principles of testing comprise, 
therefore, the information that the design engineer 
needs. The article by Dr. Irwin Vigness that begins 
on the page opposite is intended to provide it. The 
following major areas of the subject are covered: 

a. the fundamental nature of shock and vibration 

in terms of classical physics and mechanics 

b. analysis of the types of vibrations and meth- 

ods of measurement 

», the types of shock and related methods of 

measurement 
analysis of typical shock and vibration damage 
principles of shock and vibration testing 

. examination of existing shock and vibration 

specifications. 


* * . 


Our author, Dr. Irwin Vigness, holds a Master’s 
and a Bachelor’s degree from the Electrical Engi- 
neering Department of the University of Minnesota 
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BASIC 


SCIENCE & ENGINEERING 


The Fundamental Nature of 


SHOCK AND VIBRATION 


> Theory 


> Character and Mechanism of Damage 


> Principles of Testing 


These basic factors are reviewed, analyzed and 
related to the engineering function of design. 


IRWIN VIGNESS 
Head, Shock and Vibration Branch 
Mechanics Division 
U.S. NavaL RESEARCH LABORATORY 
Washington, D. C. 


TYUNDAMENTALS Of shock and vibration will be discussed 

here from the viewpoint of the equipment design en- 

gineer. With this basic information suitably applied, the 
engineer should find it possible to: 


a. understand properly the character and mechanisms 
of damage that shock and/or vibration can cause to 
a structure, its Components, or its Component parts; 
design shock- and vibration-resistant equipments; 
evaluate and apply existing specifications and meth- 
ods for testing resistance to shock and vibration and, 
when necessary, develop specifications to meet special 
conditions; 
select (or devise) and apply appropriate testing meth- 
ods and equipment. 


Shock and vibration are but two phases of the many 
environments that must be considered in the design of 
equipments. The shock and vibration behavior is, of course, 
dependent upon other environments; the latter, however, 
will be considered as adjustable parameters that determine 
material properties. These properties are assumed known 
for purposes of design, although this knowledge is subject 
to check in later tests. Consideration will be given only to 
the shock and vibration phase of the environment. 

A mechanical shock occurs when the position of a sys- 


* Times are considered short or long with respect to the natural periods of 
equipment items of concern 


tem is significantly changed in a relatively short time* in 
a nonperiodic manner. It is characterized by suddenness 
and large displacements and develops significant inertial 
forces in the system. An applied shock is any excitation 
which, if applied to a system, would produce mechanical 
shock. The excitation may be either a force applied to the 
system or a motion of its support. Perhaps one of the most 
significant characteristics of mechanical shocks is_ their 
infinite variety. The shock motions of a practical equip- 
ment are extremely complex; they react back on the excita- 
tions and render them complex even though they might be 
simple without this reaction. Because of this great variety 
of characteristics of field shock it is not desirable to at- 
tempt to simulate an exact field condition; rather the 
simulation should be such that it produces the damage 
potential of all probable field conditions for which protec- 
tion is practical. 

A vibration of an element is an oscillation of that ele 
ment about some suitable reference point. If transient 
vibrations of short duration are included as components 
of shock motions, then the remaining vibrations are those 
that last for considerable times. It is perhaps easier to de- 
fine a condition of vibration that will simulate a desired 
spread of field conditions, than it would be to define such a 
condition for shock. But it is no simple task in either situa- 
tion, as vibrations may have infinite variety in their spectral 
distributions. 


(Copyright 1959 by C-M Technical Publications Corporation) 
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Vibration 


Vibrations can ve periogic or random in nature; they 
can involve any type of medium; they can be rotational 
or translational; and they may involve an oscillation of 
pressure, force, strain, or displacement. There are three 
principal factors of concern: will the vibrations cause (1) 
a fatigue failure? (2) collision or interference of parts? 
(3) disturbances (such as an increase in noise level) that 
will interfere with normal function of a part? 

First, the nature and amplitude of vibrations should be 
considered. This involves their measurement and analysis. 
Second, we would like to determine what we can do to get 
rid of them, assuming they are obnoxious. And third, we 
would like to know what harm they might produce. In a 
basic article of this type it is not possible to answer these 
questions in detail. Rather we will attempt to describe the 
nature of the various disturbances, describe what princi- 
ples of analyses are to be preferred, and determine in 
general how structures respond to these excitations. 


Periodic Vibrations 

A periodic vibration (/-/0 inclusive) * exists if the wave 
form is repeated at fixed time intervals. If the instantaneous 
amplitude x of a vibration is given by 

z=f@=fd+T) (1) 
where ¢ is timet and T is a constant, then x is a function 
of t and the smallest value of 7 for which this equation 
is satisfied is the period of the function. 

A sinusoidal, or simple harmonic, vibration exists if the 
instantaneous amplitude satisfies the equation. 

r= X sin (wl + ¢) (2) 
where X is the amplitude, ¢ is the phase of the oscillation 
with respect to some zero time reference, w 2nf 2 
™f/T is the angular frequency in radians per second, and 
f is the frequency in cycles per second. 

Complex periodic vibrationst include all periodic vibra- 
tions that are not sinusoidal. They can be considered as a 
sum of sinusoidal terms having commensurable frequen- 
cies, or 

\ 


— 
n 


Equation (3) is a form of Fourier series with n taking 
positive integral values. 

According to the above definitions, a periodic function 
has no beginning or end. Practically, a function is regarded 
as periodic if it maintains a steady-state condition through- 
out a time that is of concern. 

A quasi-sinusoid is a vibration similar to a sinusoid, but 
in which small and slowly occurring changes in amplitude 
and phase take place. 

A more convenient but less common way of representing 
a sinusoidal function is in exponential form, thus 


YX, sin (n wl + gn) (3) 


\ i e J (tal + gn) (1) 


As this is equal to 
N'y 


r n lj sin (nwt + ¢,) + cos (not + ¢n)} (5) 


it is seen that the imaginary part of Eq (4) is the same as 
Eq (3). 

In Eq (4) the coefficients, X,, are real numbers and 
represent vector amplitudes; ¢,, represents a phase angle 
in the same manner as in Eq (3). The exponential form 
can also be written with complex coefficients in the form 


\ au e stot 


—_ 


(6) 


nD, ele? 
* Italic numerals in parentheses refer to Cited References at end of article. 


t Periodic functions in space also exist, but our concern is with a time variable 
t A complex vibration should not be confused with real and complex variables 
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orce and displacement transmissibility (Te, Tp) 
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Undamped natural frequency \#Nn 


Fig. 1—Force and displacement transmissibility of a viscously 
damped single-degree-of-freedom system. Force transmissibility 
is the ratio of maximum transmitted force to the maximum 
applied force, Fo. Displacement transmissibility is the ratio of 
maximum displacement, yo, of the mounted body to the maxi- 
mum displacement, so, of the support. 


which is called the Complex Fourier Series. A single posi- 
tive value of n for Eq (3) corresponds to the sum of both 
positive and negative values for the corresponding n of 
Eq (5). The relations between the constants [Eqs (3) and 
(6)] are 


al . 
[sin ¢, + J COS gp] 


» 


X; 


Ao Xo 


[sin ¢ | COS ¢) 


Analyses of Periodic Vibrations. The preceding: discus- 
sion indicates that any periodic function can be expressed 
in terms of a series (Fourier) of trigonometric or of ex- 
ponential terms. A complete analysis of a periodic vibra- 
tion consists of a determination of any one of these series 
so that it corresponds to the vibration. If the series is to be 
used to reconstruct a wave shape, then the phase as well 
as the amplitude coefficients are important. Usually, how- 
ever, the analyses determine the amplitude coefficient of 
each frequency term of significance, and the results are 
tabulated or plotted as an amplitude-frequency spectrum. 
Vibration analyzers (9) are commercially available for 
this purpose. 

Response of Structures to Periodic Vibrations. The 
familiar transmissibility curve**, Fig. 1, illustrates the re- 
sponse of a single-degree-of-freedom system to a sinusoidal 
excitation. If the system is linear, the principle of super- 
position applies and the response of the system to a com- 
plex periodic vibration is simply the sum of the responses 
for each of the sinusoidal components of the complex 
wave. The responses, however, are steady-state vibrations; 
generally there will be phase differences which cause the 
actual sum to be less than the arithmetic sum. 

For multi-degree-of-freedom systems, it is difficult to 


** See Cited Reference //, page 181 
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determine the responses for arbitrary forces or displace- 
ments. A practical scheme is to approximate the system 
by a set of rigid masses and weightless springs. A set of 
simultaneous differential equations, one for each degree 
of freedom, is derived for the system. These should be 
solved by means of modern computing machines or analog 
methods (/0) if the number of degrees of freedom is 
greater than iwo. 

Impedance concepts have proved of value for determin- 
ing responses of systems to various types of excitation. 
Impedance is defined as the ratio of the amplitude of ex- 
citation to the amplitude of the response and applies only 
for sinusoidal conditions of excitation and for linear sys- 
tems. It is a complex quantity. Usually the excitation is 
taken as a force and the response is determined in terms 
of velocity. Whether impedance should be defined as the 
ratio of force to velocity or force to displacement is con- 
troversial. Acousticians and electrical engineers tend to 
use the time derivatives or velocity-type terms (6, 7, 8), 
while mechanical engineers often prefer the displacement 
term (/, 2). It appears to this author that the velocity 
term permits greater overall consistency and that its use is 
preferred by the majority of those actively working in this 
field. Thus, if (as shown in Fig. 2) a force is applied at a 
point k on a body, and a velocity is observed at point i, 
the impedance is equal to 


Feist 


Vi 


or the response to a complex wave is 


Lik (jw) (8) 


\ F,,ein*t 
- Ziz (jnw) 

When i and k are different, the impedance is called the 
transfer impedance. When i and k are the same it is usually 
called the driving point impedance. The value of Z can be 
calculated for simple situations, but it is usually determined 
experimentally. Its value requires measurement of both 
amplitude and phase of the response with respect to the 
excitation. For a general case the responses for a given 
force direction will be three translations and three rota- 
tions and will result in a matrix assembly for a general 
force condition. Rotational components are usually neg- 
lected and only translational responses of major amplitude, 
for directions of particular interest, are retained. 


Vi® (9) 


Random Vibrations 


A random vibration* is an oscillation whose instantane- 
ous magnitude can be specified only in terms of the prob- 
ability that the amplitude will be within a given range of 
values during a given time interval. Although for periodic 
vibrations we can use exact mathematics and obtain def- 
inite answers, for random vibration we can give only the 
probability that any given situation exists. As this is in an 


* See Cited Reference 6 (Chapters 8 and 11); /7 (pp 231-285); 18, 19 and 20 


Fig. 2—A_ sinusoidal force ap- 
plied at point k causes a sinu- 
soidal velocity response at point 
i. The complex ratio of this 
force to velocity is the me- 
chanical impedance. 
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area in which the average engineer has little experience, a 
brief background of the probability aspect will therefore 
be given. 

It will be noted that there is no mention of frequency 
in this definition. The term “random vibration” is usually 
conceived of by the uninitiated as a vibration whose fre- 
quencies as well as amplitudes are unpredictable except 
by statistical means. However, a random vibration that has 
been passed through a narrow band-pass filter will appear 
essentially as the product of a variable-amplitude function 
and a single sinusoidal frequency term (with slow phase 
variations). If the input signal is of random amplitude 
distribution then output also is random. 

Probability Background. If a large number of measure- 
ments is made of a quantity, all measurements are made 
with equal skill, and all systematic errors are eliminated, 
then the number of measurements N,, for which the meas- 
ured values differ from a mean value (taken as zero in 
this case) by an amount x,, + A x/2 will appear as in 
Fig. 3 when plotted as a bar diagram. 

If a very large number of measurements is made, the 
statistics thus obtained can be used to determine the prob- 
ability of occurrence of an error of any particular magni- 
tude. Thus the probability that a particular measurement 
will deviate from the mean by an amount x,, + A x/2 is 


Nm St 
> N, Az (10) 


n 


Pa - P (em; Ar) = 


This is the ratio of the shaded area to the total area, or the 
ratio of the number of measurements taken that deviate 
an amount x,, + Ax/2 to the total number of measure- 
ments taken. 

If a smooth curve is drawn through the ends of the bars 
of Fig. 3 to represent N, which will now be called y, and 
if the area under the curve, when extended to plus and 
minus infinity in the x-direction, is made equal to unity, 
then this curve can be represented by the equationt 


ee qi) 
oV2r 

The curve, Fig. 4, representing this equation is known 
as the normal or Gaussian distribution curve. 

There is but one parameter for Eq (11). This is usually 
written as o, and in statistics or error-theory is called the 
standard deviation. The quantity « determines the shape 
of the distribution curve and is equal to the root-mean- 
square value of deviations between the measured and the 
mean value. If one thinks in terms of the bar diagram, 
Fig. 3, this is 


aw 
nai N 


- (12) 


t This equation can be derived on the basis of random (accidental) observa- 
tional errors (see Cited References 12, 13, 14, 16), For our purpose the equa 
tion can be taken as one which has been fitted to the experimental data, and 
normalized so that the total area under the curve is unity. 


Fig. 3—Number of measure- 
ments, N, versus magnitude 
of error, X 








Fig. 4—Normal or Gaus- 
sian distribution curve. 





Application to Random Vibration Theory. It is assumed 
in the theory of random vibrations that the amplitude of 
the vibrations can best be described by statistical means, 
and that the instantaneous amplitude follows a specified 
distribution curve. In cases considered here a normal dis- 
tribution is assumed, but this is an approximation and 
other distributions may sometimes be required. The great 
practical advantage of random vibration theory and normal 
distribution is that o represents the rms value of the vari- 
able x of Eq (11). This variable is the instantaneous 
amplitude of the vibration (displacement, velocity, or ac- 
celeration) of interest and, as its rms value o (or an elec- 
trical signal proportional to it) can easily be measured by 
many types of instruments, a complete description of the 
amplitude probability for a random vibration of normal 
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Fig. 5—Probability that the instantaneous amplitude Xm/o will 
be exceeded; or the proportional part of the time that x/¢ is 
greater than Xu/¢e. 
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distribution can be obtained from one measurement on a 
dial-indicating instrument. 

The curve of Fig. 4 represents in a continuous manner 
the discrete events shown in Fig. 3. The ratio of the shaded 
area, Fig. 4, to the total area under the curve represents 
(as before) the probability that x will be different from its 
mean value (the mean value is zero for all cases considered 
here) by an amount x,, +: A x/2. As the total area under 
the curve is unity, the area under the curve between any 
two points, say x, and x,, directly represents the probabil- 
ity that x will be between these two values. 

It is to be noted that the ordinate y is not the probabil- 
ity, but that the probability is rather the area under the 
curve as just stated. The probability that the amplitude be 
tn Ax/2 @: 


AP = P(tm, AZ) = Ym ATm (13) 


so that the value of the ordinate is 


. AP. 
Ym = lim — 
ar—0 Atm 


Thus y equals the probability per unit of x. This leads to 
y being called the probability density. The probability that 
x is between x, and x, is, of course 


z. 


P (a4, Z2) = ydr (14) 


“Wn 


and the probability that x does not lie between x, and x, 
is 1 — P(x,, Xz). 

The integral in Eq (14) is evaluated numerically in 
many mathematical tables (J5). Eqs (11) and (14) can 
be combined to yield 


P (+ 2m) 


= x/\/2o. The last form of Eq (15) is equivalent 
to that in Peirce’s tables for which numerical values are 
given. 

It is convenient to express x in dimensionless form in 
units of o. Figure 5 is a plot of the probability that a value 
of x/o will be greater than x,,/o. This is the value of Eq 
(15) subtracted from unity. The value of « must always be 
experimentally determined. 

Rayleigh Distribution for Peak Amplitudes. If random 
vibration is passed through a narrow band-pass filter it 
will emerge as a wave of nearly constant frequency, but 
the instantaneous amplitude is still random. \f the peak 
amplitudes of these waves are observed, and if the number 
of peaks contained within each incremental range of am- 
plitude is plotted as a function of the average amplitude 
of the increment, then one obtains a different type of 
distribution curve which is called the Rayleigh distribution. 
The equation of the Rayleigh distribution curve is given as 


where z 


yp =—ne~ tpl (16) 
= 

where yp is the probability density for amplitudes of the 
peaks of the oscillations. As in the case of normal distribu- 
tion, the area under the curve between two limits of x is 
equal to the probability that a peak amplitude will be be- 
tween these two limits. The total area under the curve 
from zero to infinity is equal to unity. 
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Probability that a value of Xp/o will exceed Xpm/o 
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Fig. 6—Rayleigh distribution curve inset. Curve “P” represents 
the probability that a value of Xp/o will be greater than Xp,/¢- 


Figure 6 (inset) illustrates the shape of the Rayleigh 
distribution curve. Curve P of Fig. 6 represents the prob- 
ability that the magnitude of a peak amplitude for the 
filtered vibration will be greater than xp,,. This value is 
obtained by evaluating the integral 


P (rpm ©) = 


Spectral Distribution—Analysis of Random Vibrations. 
Although our definition of random vibration is independent 
of the frequency components involved, it is nevertheless 
obvious that a random vibration passed through a narrow- 
band filter will be but a component, or a part, of the 


Fig. 7—Spectral density curves 
for vibrations on a_ missile. 
Sections of tape containing the 
record, 2.5 sec long, were taken 
after 5, 20, and 25 sec of firing 
time. The large peaks represent 
dominant frequencies that could 
be treated as sinusoids, the re- 
maining represent the frequency 
distribution of random _ vibra- 
tions. [After Blake and Belsheim 
(6) p 102.) 
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original. And, if the pass-width of the filter is decreased 
to zero, the component of the random vibration passed 
through the filter will also decrease to zero. It is thus seen 
that the magnitude of the random vibration is a function 
of the frequency-response range of the measuring equip- 
ment. So that different laboratories can obtain comparable 
results, and so that a useful type of analysis can be made 
of the random vibrations, it is customary to express the 
total unfiltered output in terms of the rms value together 
with a statement of the band width involved. 

The frequency distribution of the components of vibra- 
tion can be analyzed by the following procedure. (9) An 
electrical signal corresponding to the vibration is first 
transmitted through a suitable spectrum analyzer, The 
second step is to determine the mean square amplitude 
passed by the amplifier as a function of the center fre- 
quency of the bandwidth of the analyzer and per unit of 
bandwidth. The curve (see Fig. 7) thus obtained is a 
mean-square-amplitude spectral-density curve. It is usually 
abbreviated to spectral density curve, acceleration (or 
other appropriate unit) density spectrum, or power spec- 
trum. The amplitude at any given frequency is referred 
to as the acceleration density or the power density. Even 
though the spectral density curve is expressed per unit of 
bandwidth, the resolving power of the analyzer is depend- 
ent upon the bandwidth that is employed. This bandwidth, 
therefore, should be given, and if good resolution is re- 
quired, it should be as narrow as practicable. 

To obtain the rms value over any frequency range it is 
necessary only to integrate (to find the area under the 
mean-square-amplitude density curve) the mean-square- 
amplitude densities over the frequency range of interest 
and then to extract the square root. When information of 
this type is given, the frequency range as well as the rms 
value should be included. 

It is sometimes disconcerting to observe that the rms 
amplitude density is in units of amplitude per square root 
of frequency, or «/\/cps. This appears reasonable, how- 
ever, when it is observed that o is the square root of the 
mean of the squared values of the amplitudes [see Eq 
(11)] and that it is the squared values that are taken per 
cps (per band width). 

Response of Single-Degree-of-Freedom Systems to Ran- 
dom Vibrations. We have seen that a random vibration 
passed through a narrow-band filter emerges as a nearly 
constant frequency vibration of variable amplitude. The 
effective amplitude of this vibration is specified as oy, 
which is its rms amplitude. The product of this rms value 
and the amplification factor* of the single-degree-of-free- 
dom system gives the rms amplitude of the response of 
the structure due to the components of the random vibra- 


* The amplification factor is the same as that for a sinusoidal vibration of 
corresponding frequency (center frequency of the narrow-band filter). 





tion contained in that frequency range.t The square root 
of the integral of the square of this product over all fre- 
quencies of interest gives the total rms response of the 
structure to the random vibration. This is expressed as 


Lf ] (18) 
as (Ao,)? df 

: "\ Cf? 

[( a) 9 a ] 


is the amplification factor. The rms amplitude a, is de- 
termined experimentally. If it is essentially constant over 
a frequency range of interest, then 


where 4 


ho 


a; = oN; C/C, 


A quantity Q is defined as 


<(!) (cl) 


where C/C, is the fractional part of critical damping, so 


2 = on co 


If there is little damping (i.e., Q is large) the response 
will be determined primarily by the exciting component 
frequencies in the neighborhood of fy). If 7, varies with 


t This assumes that the change of phase of the filtered signal is small during 
the time required to attain a maximum response, 


frequency, but is not relatively small in the vicinity of 
fy, then a value of o, representative of the value in the 
neighborhood of fy should be used in this equation. It 
is to be noted that o, is the total rms amplitude and not 
per square root of frequency. Under the stated conditions 
most of this amplitude will be concentrated in the neigh- 
borhood of f,. 
Response of Structures to Random Vibrations. Given: 
a structure whose response (or magnification factor) at 
a certain point in a given direction is known when the 
excitation is specified as to its location and direction. As 
neither the response function nor the actual excitation 
can usually be expressed analytically, a procedure capable 
of using graphical data will be followed. The rms response 
for component exciting-frequencies in the range Af, at 
a center frequency f,, is 
Orn = |(A,o,)*AS,])} = rms amplitude (21) 
where 
A,, = magnification factor due to a sinusoidal excitation of 
frequency f,. (It is equal to the ratio of the response 
amplitude to the exciting amplitude.) 


rms value per \/cps of the exciting amplitude, usually 


expressed in units of g/\/cps 
frequency interval over which average values of A, 
and ¢, can be approximated 


Af, 


The total response for the exciting frequency range of 


interest is: 
\ 
or | (Anon)? Afn (22) 


This summation can be put into integral form if the 
functions A, and g, are known. 


Airborne and Structural-Borne Vibrations 


The basic theory of vibration does not differentiate 
between vibrations in different media. Differences be- 
tween airborne vibrations and those transmitted through 
structures, however, are significant in terms of ultimate 
design considerations. Field environments, environmental 
testing and damage potentials are sufficiently diverse as to 
require study and analysis. The high noise levels of jets 
and rockets, in particular, have reached values that cause 
equipment damage and malfunction. It is necessary that 
environmental conditions be determined, simulating de- 
vices be constructed, theory formulated and tests devel- 
oped so that sound-resistant equipment can be designed 
and tested. (Chapters 1, 2 and 33 of Cited Reference 9 
and the section on Acoustic Environments and Testing 
of Reference /7 are important supplementary reading.) 

Acoustical terms and definitions ate included in the 
general Glossary on page 106 of this article. A quick 
reference to the relation between sound pressure levels 
in decibels and the pressure amplitude in pounds per 
square inch is given in the nomograph of Fig. 8. 


Sound Level Ranges That 
Cause Equipment Damage 


It is, of course, not possible to give levels of sound 
that cause damage to equipment without a detailed con- 


<4 

Fig. 8—Relation between sound pressure level in decibels, 
sound pressure in microbars, and sound pressure in psi. (One 
microbar I dyne per sq cm = 14.5 & 10-6 psi, which is 
approximately equal to one millionth of atmospheric pressure). 
Note: As these pressures are usually expressed in rms values, 
a pressure amplitude of one atmosphere (14.7 psi) would be 
10.4 psi rms for a sinusoidal wave. 
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Fig. 9—Vibration of a 
dome-shaped aluminum 
specimen having a 17,.2- 
in. diam spherical radius. 
The specimen (%_ in. 
thick) was flanged on its 
open end with a bolt circle 
of 23.5 in. diam. The sta- 
tion number indicated the 
distance in inches from 
the center of the speci- 
men. [After C. W. Rema- 
ley (17). 
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43 sec. (After C. B. Cunningham, U.S. Naval Research Laboratory Report.) 


sideration of its geometry, construction and method of 
support. The response, or its probability of damage, is 
a function of the mechanical impedance of the item as 
well as the intensity and frequency range of the excitation. 

In a qualitative sense, little damage or malfunction is 
caused by noise levels below 100 db. Levels beginning at 
about this level may excite panels so that they may 
vibrate at considerable amplitudes at their resonant fre- 
quencies. Items mounted on exposed panels may there- 
fore be affected severely at these frequencies. (See, for 
example, Fig. 9.) 

Foundas (/7) has subjected electronic components to 
high noise levels with the equipment mounted so as to 
simulate the conditions of normal use. He determined 
that noise levels in the range between 130 to 150 db 
caused deterioration of performance, but did not cause 
catastrophic failures. The most disturbing feature was 
the great increase in the electrical noise output of the 
vacuum tubes. 

Clawson (/7) has shown that destruction of aircraft- 
type panel surfaces begins at levels in the order of 150 db 
and that damage occurs within a relatively few minutes 
at levels higher than 160 db. 

Field measurements of rocket vibrations by Cunning- 
ham have shown that the vibration levels of the structual 
parts decrease significantly (Fig. 10) as the speed of the 
rocket approaches Mach 1. This indicates that con- 
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Fig. 11—Sound pressure levels in decibels, Distance from the 
rocket is plotted in terms of nozzle diameters. |After Humphrey 


(17).] 


siderable acoustic coupling must exist. Humphrey (/7) 
has shown (Fig. 11) the near field pressures generated 
by a rocket. The coordinates represent distance in terms 
of rocket nozzle diameters, and the numbers of the 
contours represent sound pressure levels in decibels rela- 
tive to 0.0002 microbars for a frequency band up to 
10,000 cps. 
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Shock 


A mechanical shock is characterized by significant 
changes of stress, position, acceleration, velocity or dis- 
placement in relatively short periods of time. Time is 
considered short when it is the same order of, or less 
than, that of the longest natural resonant period of the 
equipment or structure under consideration. The shock 
will therefore excite the structure so that it will vibrate 
at its natural frequencies. The reaction of the structure to 
a shock is called the response of the structure. In general, 
a determination of the damage potential of a shock, and 
of the technique used to design a structure to resist shock, 
involves approximate calculations of the responses of 
structures to the shock. Stress and strain response are of 
most significance from the strength-of-materials view- 
point; relative displacement response must be determined 
for clearance considerations; and acceleration, velocity, 
or relative displacement response of simple (single-degree- 
of-freedom) systems are used to compare the damage 
potentials of different shock motions. 

It follows that a description of a shock requires more 
than a statement of its magnitude. A time factor must be 
included which is either expressly stated or tacitly implied. 
Without this time factor an expression of a maximum 
magnitude of a shock is meaningless. If an equipment 
were subjected to, say, a shock of 100 g this would have 
no significance unless something further was implied or 
stated as to time and wave-shape factors. 


Shock Motions and Their Analyses 


It is probable that no two shock motions experienced 
by complex equipment are identical. Moreover, the shocks 
that one unit of the equipment receives are different from 
those experienced by other units. And as an additional 
complication, the shock transmitted to a stated unit can 
only be determined if the unit is fixed at its intended 
location. 

How well does a given shock-test machine simulate field 
shock? Obviously, we do not want the machine to deliver 
a shock equivalent to only one specific field situation. The 
machine should rather simulate a shock that possesses the 
damage potential of any probable field shock situation for 
which protection is desired. 

Two general schemes are employed for analyses of 
shock motions: 

1. If the shock motions are simple in form, or if their 
effects are similar to shock motions that are of 
single form, then the shock is expressed in terms of 
the simple shock motions. The most important of 
the simple shock motions is velocity shock, where 
the shock is assumed to be an instantaneous change 
of velocity as shown in Fig. 12a; and the pulse type 
shock, where the shock is an acceleration, velocity, 
displacement, or force pulse of simple and known 
waveform as shown in Fig. 12b, c and d. 

If the shock is complex, so that it cannot be expressed 
in simple mathematical or graphical form (Fig. 12e), 
then the shock motion is commonly expressed in 
terms of its shock spectrum. A shock spectrum is 
defined as the maximum responses of a series of 
simple systems (Fig. 13) to the shock motion, as a 
function of the natural frequencies of the systems 

Unless otherwise stated, the simple systems are un- 
damped. The response is taken fundamentally as relative 
displacement of the elements with respect to the base. 
Velocity and acceleration spectra are somewhat artificially 
defined as the displacement response multiplied by 2xf 
and (27/)*, respectively. 

Shock spectra do not tell what the shock motions are, 
but rather describe what the shock motions do—in effect, 
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their damage potentials. The spectra can be used to com- 
pare the intensities of different shocks and to determine 
whether the output of a shock machine is equivalent to 
a desired range of field conditions. They are also directly 
applicable to several techniques for dynamic design 
(21, 22, 23). The shock spectra technique is particularly 
popular because the spectra can be obtained by means of 
a simple mechanical peak-reading instrument (22), al- 
though the present recommended method is to record the 
transducer signals of the shock motions so that they can 
be played back and analyzed as desired. The following 
discussion of shock will consider separately the classifica- 
tion of velocity shock, simple impulse, and complex shock. 


Velocity Shock 


Shock considered as a sudden velocity change* 
simplest concept possible, without conversion to purely 
static considerations. Application of this concept repre- 
sents a large class of shock motions for which this approx- 
imation is sufficiently accurate for engineering applica- 
tions. The shock is assumed to be an impulse of infinitesi- 
mally short duration so that acceleration magnitudes and 
waveforms are immaterial. 

Shocks that involve dropping of equipments, or impact 
of relatively light equipments against rigid heavy surfaces, 


is the 


* See Cited References /8 and 24 and Chapter 3 of Reference /1, 


Acceleration 


Acceleration 


Fig. 12—Different classes of shock motions: (a) velocity shock, 
which consists of a step velocity change; (b), (c) and (d) various 
forms of simple shock pulses; (e) complex shock wave. 


Shock motion 


’ 
Fig. 13—Series of single-degree-of-freedom systems of different 
natural frequencies. The maximum responses of these elements 
to a motion (shock) of the base, plotted as a function of their 
natural frequencies, is a shock spectrum of that shock. 
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Fig. 14—Mass M, supported 
by spring of stiffness k, sub- 
jected to a sudden velocity 
change V. 
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can usually be considered as velocity shocks. When shock 
isolators are employed, and when (as required by good 
design) it can be assumed that the natural frequencies of 
the item on its isolators are much lower than natural 
frequencies of components of the item, then the forces 
transmitted to the item by the mount, and the stiffness 
and clearance required by the mount, can be easily cal- 
culated by energy principles. 

If, for example, the item M of Fig. 14 is subjected to 
a sudden velocity change, V, by being dropped onto the 
ground, then its mass will oscillate on the spring with 
a maximum velocity and displacement with respect to the 
whole unit (which is assumed to move at a constant speed, 
or to be at rest) so that 


: VN = kr, (23) 


where V is the velocity change, x, is the maximum spring 
deflection, and k is the spring constant. As kx, is equal 
to the maximum force exerted on M, the maximum 
acceleration of M in units of gravity, g, is 


.. Role 
G ” 2 
=" "stn (24) 


There are three factors to consider: clearance available, 
x,; Maximum acceleration the packaged item can with- 
stand, G; and the spring stiffness constant, k. Only two 
of these are independent, so if two are specified one must 
accept the calculated value of the third. 

The above considerations are for  single-degree-of- 
freedom linear systems. Multiple-degree system responses 
to velocity shock are considered in Cited Reference /8, 
and Mindlin (24) considers nonlinear systems. 

Simulation of velocity shock is usually by drop-tests 
(25) or by incline-impact tests (26), but the equivalent 
velocity shock of many types of specified shock tests can 
be estimated either from the velocity change involved or 
from the shock-spectra curves (Figs. 15 and 16). In these 
curves the acceleration response spectra for velocity shock 
are straight lines, the slopes of which represent the 
velocity changes. When the shock machine delivers a 
pulse having an appreciable time base, then (for fre- 


JUNE 1959 


3600 r 


3200 — 











Natural frequenc y ps 


Fig. 15—Shock spectra for velocity shock. 
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Fig. 16—Shock spectra for complex shocks. The equivalent 
velocity shock is indicated by the straight line. Shocks deliv- 
ered by U. S. Navy High Impact Shock Machine for Light- 
weight Equipment. [After Dick (27).] 
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Fig. 17—Shock spectra for inset sawtooth acceleration pulse. 
“During and after” refers to values of spectra that occurred 
during and after the pulse period. [After Morrow and Sargeant 
(32).] 


quencies having periods longer than the pulse length) 
the average slope of the spectral curves over the low- 
frequency end of the shock spectra can be taken to 
represent the equivalent velocity shock. 


Simple Impulse Shock 


When the wave form of a shock cannot be neglected, 
it is sometimes sufficient to approximate the wave form 
by one of simple shape that is‘ easy to generate and trac- 
table to use. Figures 12b, c and d illustrate some simple 
impulse-type shocks. The half-sine pulse, Fig. 12b, is 
perhaps the most commonly used. It has become popular 
not because it is a proper simulation of any environ- 
mental situation, but rather because it is easy to generate 
and reproduce. It is also simple in the mathematical 
sense so that designers can use this forcing function 
directly in their dynamic stress calculations. 

Whenever a rigid mass is dropped against a linear spring 
of negligible distributed mass, the acceleration experienced 
by the mass will be in the form of a half-sine curve. If 
the mass is not rigid, or if the spring has appreciable 
mass, then characteristic oscillations will be superimposed 
upon the half-sine curve. Good design of shock machines 
will keep these oscillations at minimum values. The most 
precise machine of this type is the Shock Testing Mech- 
anism for Electrical Indicating Instruments (28) for 
which the half-sine curve can be calculated with sufficient 
accuracy to permit it to be used as an accelerometer cali- 
brator. 

A shock machine widely used in the U. S. Air Force, 
the Variable-Duration Medium Impact Shock-Testing Ma- 
chine (29, 30, 31) provides a nominally simple shock 
pulse. The machine consists of platforms with adjustable 
wood pieces attached to the underside. Test units are 
attached to the platform and are dropped onto a bed of 
sand. The wooden pieces penetrate the sand and thus 
control the shape of the acceleration curve.* Commonly 


specified accelerations involving amplitudes of 30 g and 
durations of 1] millisec are obtainable. Other values range 
up to 100 g and from 6 to 30 millisec. 

More recently it has been observed (32) that an ac- 
celeration shock spectrum that rises in a smooth manner 
up to a maximum at about 100 cps, and thereafter remains 
fairly constant, would correspond to an acceptable avgrage 
of types of field shock involved in transportation and 
handling of equipment. It was also observed that a saw- 
tooth acceleration pulse, Fig. 12c, provided a spectrum 
(shown in Fig. 17) which is of approximately this shape. 
In addition, the trailing edge of the sawtooth is steep; 
both negative and positive values of the shock spectra 
will be about equal. If a rigid table is dropped onto a 
properiy shaped deformable pellet, usually a cylinder of 
lead, the acceleration curve of the table will be of a saw- 
tooth shape. Other shapes of the acceleration curve may 
also be obtained by modifying the shape of the pellet. 
Commercial machines of this type are now available. 

It should not be expected that this type of machine 
will deliver undistorted pulses independent of the load. 
Pulse shapes, therefore, should be specified under given 
dead-weight load conditions, and pulse shapes should 
be regarded as nominal values for flexible loads. 


Complex Shock 


When equipment under test is large, it is not possible 
to subject it to a shock of simple nature because of reac- 
tions between the equipment and shock machine. In these 
cases (and where a complex shock is to be simulated) 
excitation of the general form shown in Fig. 12e is pro- 
vided. The simulated shock is specified by type of test 
machine, method of attaching the test equipment, and 
settings used to control the shock intensity. The nature 
of the shock generated by the machine may be identified, 
but this information would not imply that any particular 
motion will occur for any particular test. The shock spec- 
tra shown in Fig. 16 are for a machine of this type. 

Shocks excited in structures of appreciable size are 
complex in nature. The shocks occurring in large military 
equipments and structures, in particular, are extremely 
complicated. Mounting arrangements for applicable test 
machines, such as the Navy shock machines, consist in 
part of structures having approximately the same stiffness 
and mass (impedance) as the field structures, such as 
Naval vessels. 

An equipment could not be expected to withstand 
without failure more than a small number of high-intensity 
shocks. On the other hand, it could survive shocks of 
lesser intensity many times during its life. Since the two 
types of shock often cause different types of damage, a 
test for one type cannot be substituted for the other. 
Ability to withstand the multiple shocks that usually occur 
in transportation and handling is tested by means of vari- 
ous standardized bouncing and tumbling tests. (33, 34) 


* A lead block and an arresting punch is sometimes used instead of the sand 
and wooden blocks 


Types of Damage Caused by Shock and Vibration 


Maloperation. It is usual for specifications to require 
that an equipment continue to perform its principal func- 
tions during and after a vibration test or during and after 
a shock test. In many instances the equipment, in a me- 
chanical sense, is not damaged by these tests. But the rela- 
tive motion of component parts of vacuum tubes, relay 
contacts, and other parts whose electrical properties are 
sensitive to position may cause malfunction or electrical 
noise of such magnitude as to result in mal- (or mis-) 
operation of the equipment. After the disturbance has 


98 


ceased, operation reverts to normal. It is probable that 
maloperation of this type is a cause of more equipment 
failures than is generally realized. 

Intermittent Failures. Intermittent failures are a form 
of maloperation that may or may not recover at the com- 
pletion of a test. Since the failures may be self-curing, 
they are most difficult to trouble-shoot. Poor connections 
are the usual source of these failures. The connections 
may be in friction contacts but are more commonly 
caused by cold-solder joints and broken wires. Plug-in 
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units and printed circuits are particularly vulnerable. This 
type of maloperation is very objectionable in computer 
circuits, where stray transient pulses may generate in- 
correct answers. Vibration tests are frequently advocated 
as a quality control measure in order to uncover these 
types of failures. Amplitude, however, must be sufficiently 
small to prevent structural damage. 

Equipment Mechanical Damage. Perhaps the best way 
to ‘determine faults in an equipment is to observe the 
nature of failures during environmental tests. Mechanical 
failures, for example, can be associated with the type of 
construction so that preferred construction design may 
be evolved. A listing of failures from a Naval Research 


Construction 


A detailed consideration of damage types supports the 
following general principle of construction: 


1. Shock and vibration-resistant equipment should fea- 
ture lightness, stiffness and small dimensions. 
The lightness, of course, must not be inconsistent 
with strength requirements. 
The stiffness implies that distortion and relative 
motions of component parts of an equipment will 
be small and their frequencies will be high. 
Small dimensions make it easier to obtain stiff and 
sufficiently strong structures. 
Miniaturized components have greater inherent rug- 
gedness than larger components. 


It is often taken for granted that the more physical flex- 
ibility is built into an equipment system, the greater is the 
degree of shock protection. Although protection from the 
high-frequency components of shock and vibration may 
sometimes be obtained, the greater relative motions of 
flexible systems cause collisions of component parts, fa- 
tigue and fracture of wires and connecting elements, dis- 
tortion and fracture of brittle elements supported at 
several locations, and generally greater stresses in the 
structural elements. 

The natural frequencies of component parts of a piece 
of equipment should not be in the range of fundamental 
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Fig. 18—Amplification factors for linear damped systems for 
a step velocity change of m,. The amplification factor is equal 
to the ratio of maximum acceleration experienced by m, to the 
maximum acceleration experienced by m,; 8, and 8, are the 
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Laboratory report by Woodward and Forkois (35) is de- 
tailed in the Appendix (p 104). The tabulated items are 
only primary failures. A primary failure is defined as a di- 
rect result of a shock or vibration. For example, a bracket 
containing a component breaks and the unsecured com- 
ponent then causes considerable damage. The primary 
failure would then be recorded as a broken bracket; the 
secondary damage would not be tabulated. Types of 
damage are tabulated by shock or vibration. Shock tests 
were made according to Navy MIL-S-901 (36) and its 
predecessors; vibration tests according to 40T9 [SHIPS] 
(37) and its predecessors. Vibration endurance tests were 
between 5 and 23 cps at 0.03 in. amplitude. 


Considerations 


natural frequencies of any of its supporting structures. 
Figure 18 from Mindlin (24) illustrates the ratio of the 
maximum acceleration of m, to that of m., when m.,, is 
subjected to a velocity shock, and when m, << m, << my. 
The frequencies », and w, are fixed-base natural frequen- 


cies and are equal to Vk,/m, and Vk,/m,, respectively. 
From curves of these types it is seen that the amplitude 
of vibration of small elements can be many times that 
of the structures on which they are mounted. Conditions 
are worse under steady-state vibration than under shock. 

If shock mounts or vibration isolators are used to sup- 
port the equipment it is impractical to mount components 
that have relatively low frequencies. The equipment 
structure and parts, therefore, should be as stiff as is 
practicable. If no flexible supports are used on the equip- 
ment, and if a component is mounted on isolators, it is 
necessary that the natural (fixed-base) frequency of the 
component be less than about half that of any excitation 
it may receive. It is also necessary that its natural fre- 
quency be less than about half the natural frequency of 
any supporting structure of the equipment. Unless these 
factors are given adequate attention from the first design 
step, a satisfactory equipment design is unlikely to result. 
It is better, therefore, to design for stiffness with succes- 
sively smaller elements having successively higher natural 
frequencies. 


t 


4j= 0.005 
0.O/ 
0.05 


fractional part of critical damping across springs k, and k.,, 
respectively; w,* and w,* equal k,/m, and k,/m.,, respectively. 
[After Mindlin (24).] 
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Principles of Shock and Vibration Testing 


Three types of shock and vibration tests are involved 
in the design, development and production of equipment. 
These are developmental testing, design approval testing, 
and quality control and production testing. 


Developmental Testing 


As components and structures are completed they 
should be assembled and subjected to developmental tests, 
but initial tests should be at low levels. Developmental tests 
would be expected to be patterned after acceptance tests. 
It is quite appropriate, however, for the design engineer 
to modify such test to conform to the ultimate service 
conditions of the equipment, as well as to the limitations 
of available test facilities. Any sensible type of shock 
and vibration treatment, if of sufficient intensity to dis- 
close weak points in the equipment, is better than no test. 
As weak points are discovered, the design is modified 
until proper performance is obtained at the required levels. 
Component tests should not be limited to circuit elements, 
but should include structural parts such as chassis and 
cabinets. Dummy loads can be installed in the structural 
parts to simulate realistic conditions, also to avoid pos- 
sibility of damage to the circuit components. 

As there is a spread in the quality of supposedly identical 
items, also in the output of shock and vibration machines, 
it is advisable to have an appreciable safety factor for 
the equipment performance. 

If the equipment under developmental test is the same 
as that which will be subjected to qualification tests, only 
the essential preliminary tests should be made, since much 
of the damage is cumulative in nature. It is wise to replace 
items that appear to have been fatigued, damaged, or 
highly stressed. 

If equipments are relatively rigidly mounted at their 
intended locations, or attached by means of relatively stiff 
shock mounts that provide natural frequencies between 
25 and 35 cps for the mounted unit, then components of 
the equipments will receive greater amplitude of vibration 
and shock (for frequencies below about 50 cps) than 
would be experienced by the equipment. Component parts 
may easily be subjected to vibration amplitudes greater 
than three times that of the equipment foundations for 
frequencies less than 50 cps. Such parts would therefore 
be tested at least to these levels and modifications made 
until performance is satisfactory. 

If shock machines are not available, drop tests can be 
improvised. The velocity shock to be finally endured can 
be made equivalent to the velocity change involved in the 
test specified for the finished equipment. If components 
are to be subjected to an acceleration pulse of any given 
amplitude and involving any desired velocity change, suit- 
able cushioning material can be selected for the impact 
surface. [The technique was discussed in the section 
“Velocity Shock.” If the values G, V and M of Eq (24) are 
known, the spring constant k of the cushion can be cal- 
culated.]} 


Design Approval Testing 


Shock and vibration tests for design approval should 
‘be specified with clarity. The procedures required for 
mounting and subjecting the equipment to the test should 
be clearly stated. The machines used should be capable 
of producing and reproducing the required test with good 
precision. In testing to specifications it should be remem- 
bered that a high order of precision is not necessarily 
warranted as far as field simulation is concerned. It is 
needed rather for the satisfaction of contractural obliga- 
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tions. Of course, precision in duplicating a test is also 
required for comparative tests of equipments. 

Specifications frequently require that an equipment 
survive a given shock motion. They also describe a shock 
machine that can be used in a prescribed manner so as 
to produce this excitation. Because of the complex inter- 
action between the shock machine and a load of appreci- 
able dimensions and weight, it is seldom possible to more 
than approximate the specified shock motions. They should 
be considered as nominal values, their details being gen- 
erally unpredictable. The prescribed machine, the method 
of mounting, and the instructions for machine operation 
should be considered as the primary requirements. No 
attempts should be made to construct a new test machine 
without the approval of the specifying source. 

Specifications for vibration tests are given in terms 
of the related motions. An amplitude and a frequency 
range would be specified for a sinusoidal vibration test; 
spectral densities, rms amplitudes, and frequency ranges 
for a random vibration test. Vibration tests should be 
performed along each of three orthogonal axes. Usually, 
vibrations are not permitted in directions transverse to the 
specified direction. All points of attachment are expected to 
have the specified amplitude in the required direction. 
It is impractical, however, and probably impossible, to 
meet these specifications within usual accuracy limits 
(+5 or 10 per cent) on tests of relatively large equip- 
ments at high frequencies. 

Some of the problems in developing a specification can 
perhaps be solved by following these suggestions: 

1. Within the limits of usual engineering accuracy, the 
amplitude of only one driven point on an equip- 
ment should be as specified. Exceptions should be 
permitted for relatively large amplitude variations of . 
this point for narrow frequency ranges where reson- 
ances in the equipment reduce fixture amplitudes 
despite normal driving forces. Specify fixture and 
mounting arrangements. 

. The line of action of the driving force must be 
directed through the center of mass of the equip- 
ment, or suitable constraints should be provided to 
prevent undue rocking of the fixture. After these 
conditions have been satisfied, large tolerances in 
amplitudes may be permitted for locations other 
than the specified driven point for vibrations in a 
given direction. In general, any amplitude up to the 
specified amplitude would be permissible in any 
direction. If amplitudes at any location tend to 
become appreciably greater than the specified ampli- 
tude, it would be advisable to modify the mounting 
arrangement so as to reduce the amplitude. 

The reasoning behind these suggestions is that specifi- 
cations with respect to fixtures and mounting arrange- 
ments will compensate for a lack-of-motion requirement 
for all equipment attachment points except one. (Obvious- 
ly the shaker armature weight, together with other factors, 
must be considered if exact comparative tests are to be 
made on different machines.) The conditions of general 
vibration specification should therefore be satisfied for one 
direction of motion at one driven point. Motions of other 
fixture points are not specified either as to magnitude or 
direction. Equipment specifications should include fixture 
specifications and should define a driven point for which 
the general specification is applicable. 

Prototype equipments that have been subjected to 
design approval tests may have had their useful life 
shortened by the test. Such equipments should not be 
used in critical applications unless suitably examined and 
repaired, 


ELECTRICAL MANUFACTURING 





Quality Control and Production Testing 


Faults that appear in tests of production units reflect 
defects in workmanship and material, rather than in 
design. Production tests are less severe than the design 
approval tests. They are frequently at levels of severity 
that an equipment would experience during usual opera- 
tion, rather than the extreme environments that may oc- 
casionally occur. 

Test machines and monitoring methods are standardized 


and are generally well known. When the total number of 
items involved in a production run is small, low-level tests 
may be performed on every item in the hope that cold- 
solder joints, poor connections, excessive microphonics, 
etc., may be noticed so that they can be corrected. While 
this approach is controversial, it is reasonable to expect 
that such tests will cause no damage to proper equipment 
and may direct attention to factors that might cause failure 
in normal use. 


Combined Environments 


It is simpler to simulate one type of field condition at 
a time than to perform a group of tests simultaneously. 
However, vibration and shock motions do occur in all 
directions; they can occur during any probable condition 


of pressure, humidity, and temperature and during and 
after exposure to corrosion, dust and salt spray. Undoubt- 
edly, better simulation would exist if tests were made 
under extreme combined environment, but practical con- 


Table I—Shock Requirements of Some Military Specifications 


Specification { Condition simulated 


Nature of shock Machine commonly used 


MIL-S-901B (Navy), April | 
1954 Navy Dept., Spec 66S3* | 
(Sept. 1945) 

MIL-T-17113 (Ships), July 
1952 BuShips Spec 40T9* 
(Dec. 1946) 

MIL-E-005272B (USAF) t 
(June 1957) 

Procedure III 

MIL-S-4456 

MIL-STD-202A, Method 205 
(Aug. 1958) 

MIL-E-005272B (USAF) } 
(June 1957) 

Procedure II 

MIL-E-5422D (ASG) 
(Nov. 1957) 

MIL-E-5400B (ASG) 
(May 1957) | 


MIL-STD-202A, Method 202A | 
(Oct. 1956) 
JAN-S-44 (May 1944) 
MIL-E-005272B (USAF) } 
(June 1957) 
Procedure I 
MIL-M-3823 (May 1953) 
MIL-M-6B (May 1957) 
MIL-M-17275A (May 1955) 


MIL-E-1C (Oct. 1956) 
(Drawing 180-JAN) 


MIL-STD-202A, Method 203 | 
(Oct. 1956) 


* Obsolete 
t Supersedes MIL-E-5272 


| Shock 


| Repeated impacts due to handl- 
| ing and shipping. 


Navy shipboard shock. May 
also be used to simulate shocks 
initiated by impacts and explo- 


| sions and transmitted through 


strong structures (ships, tanks, 
trucks, trains, buildings, etc.) 


| to equipment mounted within. 


Aircraft shock. May also be 
used to simulate shock for cer- 


tain missile types and for rough 


handling. 


Idealized shock pulse for speci- 
mens weighing less than 4 lb, 
such as dial-indicating instru- 
ments. Provides a simple shock 
| pulse for test of general rugged- 
| ness to non-oscillatory shock, 


excitation 
tubes in chassis. 


received 


t Italic numerals in parentheses refer to Cited Reference at end of article 


NOTE: An interesting new approach to shock specification has been made by Ramo-Wooldridge (now Space 


by | 





Complex vibratory transient. 
Acceleration peaks about 1000 g 


| for 1000 cps low pass filters. 


Velocity change 10 ft/sec. Dis- 
placement 1.5 to 3 in. 


Acceleration pulse amplitude of 
15 or 30 g with 11 millisec dura- 
tion is common specification.Ma- 


chine used can provide up to | 


100 g and durations between 6 


| and 30 millisec. Velocity change 
| § to 15 ft/sec. Velocity attained 
| by free fall and stopped by im- 


pact on sand. 


amplitude of about 7 millisec 
duration is common specifica- 


| tion. Amplitude is adjustable to | 
about 100 g. Velocity change to | 


about 10 ft/sec. Velocity attained 


| by free fall and stopped by im 


pact on a steel spring. 


Complex wave with a predom- 
inant initial acceleration pulse. 


| Acceleration may extend to 1000 
| g with 1000 cps low-pass filter. 


3 


First pulse duration about *4 


millisec. Velocity change up to 


10 ft/sec. Displacement about 4 
in. Shock initiated by hammer- 
anvil impact. 

Specimen is 


Tumbling test. 


| mounted in a steel sleeve which 


is placed within a steel cage hav- 
ing baffles. Cage is rotated and 


specimen tumbles from baffles to | 


lower areas. 


Shock | 
| initiated by steel hammer-anvil | 
| impact. 


Half-sine acceleration pulse. 50 g | 


| electronic 


Navy high impact shock ma- 
chine for lightweight equip- 
ment. (31) t Navy high impact 
shock machine for medium 
weight equipment. (3/7) 


Sand-drop table or variable 


| duration medium-impact shock 


testing for lightweight equip 
ment. (30, 31) 


Shock testing mechanism for 
electrical indicating instru 
ments. (28) 


Shock testing mechanism for 
devices (flyweight 
machine). 


Random drop test machine. 


Technology Laboratory) Specification GM 43.5-40 


The shock is specified in terms of its shock spectrum. Both the positive and negative values of the spectrum are required to be at least 100 @ magnitude between 


100 and 700 cps. The ‘specifications state that such a shock can be obtained by a sawtooth pulse 
abruptly to zero. A discussion of this approach has been given by Lowe and Cavanaugh (Environmental Engineering, 


tooth pulse can be obtained by the plastic pellet type shock machine 
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which rises linearly to 


100 ¢ in 
Vol. 


and drops 
The 


about 6 millisec 


1, p 24, February 1959) saw- 
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siderations make such tests impossible. 

A useful approach is to determine whether the effect of 
any one environment changes the normal reaction of the 
test unit to concomitant environments. The worst possible 
combined environmental condition is then stipulated and 
suitable tests made. 

As a simple illustration, a vibration test through a 
temperature range from 100 F to +100 F is to be 
made for (a) a test unit constructed of materials (such 
as metals) that are insensitive to temperature changes 
in this range, and (b) the same unit with elastomeric 
vibration isolators. For unit (a), a vibration test at any 
temperature point in the stated range would be sufficient; 
but for unit (b), tests would be necessary at extreme low 
temperature (where elastomers may be sensitive to 
change) as well as at room temperature. 


From a sinusoidal excitation in the range between about 
5 and 60 cps available not too many years ago, new test 
equipment built in response to demands for better simu- 
lation extends the frequency range to many thousands * 
of cycles per second; random, complex and sinusoidal 
waveforms may be simultaneously applied and the shakers 
can be operated in chambers in which the temperature 
and pressure are adjusted to extreme values. 

It is not possible to give yes and no answers as to 
what should be done for many situations of combined 
environments. The answer is dependent upon time, money 
and available qualified personnel—factors that must be 
balanced against an unknown gain in reliability confi- 
dence. However, progress is attained only through new 
and unusual environmental test equipments developed 
in response to requirements of specialists in this field. 


Shock and Vibration Specifications 


Specifications for shock and vibration are of two kinds: 


1. General specifications that are concerned only with 
the shock and vibration tests (other environments may be 
included), and those that describe the procedures and 
machines that are used. These shock and vibration speci- 


usually references the former, when applicable, and sup- 
plies numerical values for shock and vibration levels and 
time factors. It may also include special shock and vibra- 
tion tests that are more appropriate to the particular class 
of equipment described. 

The first type is found in the com:monly used general 


fications may apply to any class of material. 


2. Specifications that apply for a given class of equip- 
ment and which include the environmental tests as one 
of many detailed requirements. This type of specification 


military specifications. These are summarized in Tables I 
and II which associate the condition simulated, the nature 
of the shock and vibration, and the type of machine 
commonly used for the test. 


Table tl—Vibration Requirements of Some Military Specifications 


Specification 


MIL-STD-202A, 
Method 204 
(Oct. 1956) 


MIL-STD-202A, 
Method 201A 
(Oct. 1956) 


MIL-STD-167 (Ships) * 


(Dec. 1954) 


MIL-E-005272B (USAF) 
(June 1957) 
Supersedes MIL-E-5272A 


MIL-E-5400B (ASG) 
(May 1957) 


MIL-E-5422D (ASG) 
(Nov. 1957) 


MIL-E-1C (Oct. 1955) 


Condition simulated 


Vibration on aircraft, mis- 


siles and tanks. 


Fundamental vibrations 
excited by reciprocating, 
rotary and propeller-type 
mechanisms. 


Navy shipboard vibra- 
tion. 


Aircraft vibrations. Dif- 
ferent procedures are 
given according to where 
the equipment is located 
and whether or not isola- 
tors are employed. 


Aircraft vibrations. 


Aircraft vibrations. 


General field conditions 
encountered by vacuum 
tubes (low frequency 
components). 


Nature of vibration and test t 


(1) Sweep between 10 to 500 cps with amplitude of 0.03 in. or 10 g, which- 
ever is less. (2) Sweep between 10 and 2000 cps with amplitude of 0.03 in. 
or 15 g, whichever is less. Alternate procedures are also specified. 

Sweep between 10 and 55 cps with an amplitude of 0.03 in. Sweep cycle 
is 1 min. Test time is 2 hr in each coordinate direction. 


Equipment shall be vibrated for 2 hr at resonant frequencies below 33 
cps that might cause damage. If no resonances are observed, the equip- 
ment shall be vibrated at 33 cps for the same time. Vibration amplitudes 
are 0.03, 0.02, and 0.01 in. for the respective frequency ranges of 5 to 
15, 16 to 25, and 26 to 33. 


A great variety of tests is prescribed, extending from 0.25 in. amplitude 


| at low frequencies (5 to 8 cps) to 20 g for 80 to 500 cps. In addition, some 


procedures require circular motion for frequencies between 5 and 50 cps. 
Tests may be required to be run at 65 deg F and 160 F as well as at room 
temperature.-Torsional (rotational) tests may be required. 


(1) Vibration 0.04 in. amplitude between 5 and 10 cps, 0.03 in. between 
10 and 55 cps, and 10 g amplitude between 55 and 500 cps. (2) Equip- 
ment normally with isolators shall be vibrated without isolators at 0.005 
in. between 5 and 60 cps and at 2 g between 60 and 500 cps. 


Except for minor differences in amplitude, the requirements are the same 
as MIL-E-5400A. However, procedures for testing are given in detail in 
5422 whereas they are not given in 5400. 


(1) Vibrations at 0.04 in. amplitude at 25 or 50 cps for about 14 min to 
determine change of tube output, or if shorts occur in tube. (2) Cycling 
tests over this frequency range are also specified, with a steady test of 
1 min at the frequency having greatest effect on the tube output. (3) Fa- 
tigue tests are runs of 96 hr at 2.5 g amplitude (frequency of 25 cps and 
0.04 in. amplitude suggested). 


* This specification supersedes the vibration section of MIL-T-17113 (Ships) and 40T9 (Ships). 
t Only the highlights of the tests are given; alternate procedures, exceptions and additional tests may be included in the original specification. 
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Missile Components Shock and Vibration Specifications 


Shock and vibration environments encountered by mis- 
sile components have not been established as firmly as they 
have for other situations. This is not only because less is 
known of missile environments, but also because the 
greater importance of weight and reliability requires that 
greater care be taken neither to overtest nor to undertest. 
In addition, more consideration is given to designing for 
the environmental condition existing at a given location 
within a given missile, rather than for a general situation. 
Furthermore, each of the various government agencies 
and private companies responsible for an overall missile 
development writes its own specifications for the environ- 
mental tests. As these specifications are not generally 
available, no references are given here; moreover, the 
specifications are subject to change whenever this is 
warranted by additional information. 


Shock 


Shock in a missile cannot be of great magnitude without 
destroying the missile. Shocks are caused principally by 
the ignitor, by ignition,. rough burning and cutoff. The 
sudden application of thrust on the initiation of the last 
stage of burning, where the steady acceleration may 
be considerable (30 to 50 g), also represents a shock 
condition. Both liquid and solid fuel elements are con- 
sidered here. It will be noted that some of the factors given 
apply to but one type. 

To ruggedize equipment and components for these con- 
ditions the following shock tests have been specified: 

a. Sand-Drop Table (Specified in MIL-S-4456 and 
MIL-STD-202A, Method 205.) The shock machine is 
adjusted to give an impulse of about 20 to 30 g peak 
with a time duration of about 11 millisec. 

b. Simple Shock Pulses. The shock may be specified in 


terms of a sawtooth, half-sine, or square acceleration 
pulse. The peak values range from 10 to 15 g at locations 
distant from the thrust point, to 100 g for hardware 
mounted to the thrust frame. Pulse durations are about 
10, 8 and 6 millisec, respectively, for the three types. 

c. Centrifuge Tests. Steady accelerations between 10 
and 50 g are provided in the direction of thrust. The 
value of acceleration is usually about the same as that 
which the component would expect when in the missile. 
Twice this value may occasionally be used to attain the 
dynamic overshoot which may be present under dynamic 
conditions. 

d. Short Burst of Intense Random Vibration. The vibra- 
tion would have approximately flat spectral distribution 
between 20 and 2000 cps, an amplitude of about 20 g 
rms, and about 0.5 sec duration. 

It is sometimes assumed that a sufficiently severe vibra- 
tion test will require the missile components to be so 
rugged that shock tests are unnecessary. The centrifuge 
tests are usually retained and tests for vibrations in the 
direction of thrust may be made more severe so as to 
compensate for the lack of combined environments. 

The missile should not be penalized by requiring its 
parts to withstand shock and vibration other than that 
which occurs during its intended mission. Suitable pack- 
aging must be required to keep shock and _ vibration 
transmitted to missile parts down to acceptable levels 
during transportation and other hazards. 


Vibration 


Wide-band random vibrations having a fairly level 
acceleration spectral distribution curve between 20 and 
2000 cps are commonly used for testing missile com- 
ponents. The level of random vibration is dependent upon 
the type of missile concerned, but is maintained at about 


Table I1l—Summary of Selected Vibration and Shock Specifications for Missile Electronic Components 


1. A General Electric specification® for light electronic 
missile components requires that the equipment, while 
operating, shall be subjected to rms sinusoidal vibrations 
of 2 g from 15 to 2000 cps superimposed upon a Gaussian 
random vibration of 0.05 g*/cps from 15 to 2000 cps in 
each of the three perpendicular planes. The vibration 
shall be applied for 2 min, and during this period the 
sinusoidal vibrations shall be swept once at a constant 
sweep rate over the frequency range. At low frequency 
the sinusoidal vibration shall be limited to an amplitude 
of 0.02 in. The instantaneous acceleration peaks shall be 
limited to 30 (a0 equals the rms value of the random 
vibration, which is about 10 g). 

2. A Boeing specification” requires acceleration densi 
ties for random vibration ranging from 0.002 to 0.02 
g*/cps from 5 to 10 cps; 0.02 g*/cps from 10 to 35 cps; 
0.02 to 0.22 g*/cps from 35 to 70 cps; 0.22 g?/cps from 
70 to 1100 cps; and 0.22 to 0.004 g*/cps from 1100 to 
2000 cps. Many different procedures and amplitude ranges 
are given in other Boeing specifications. A Bomarc 
specification® requires frequency components up to 4000 
cps with an acceleration density of 0.3 g*/cps above 
250 cps. 

3. The Space Technology Laboratory! requires (for 
third-stage equipment) that sealed components, while 
operating, shall be pressurized to 15 psig and that the 
equipment shall be vibrated with Gaussian random vibra- 
tions having an acceleration of 0.1 g?/cps over 20 to 
2000 cps. Superimposed on this is a sinusoidal vibration 
having amplitudes of 2, 6 and 12 g rms in the respective 
ranges of 5 to 25, 25 to 700, and 700 to 2000 cps. A con- 
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stant octave sweep rate shall be employed and the vibra 
tions shall be for 15 min in each of the three coordinate 
directions. 

4. A preliminary specification® recognizes some of the 
practical test problems in the procedures extracted here: 

a. Apply 10 g rms random broadband vibration (ap 
proximately flat 20 to 2000 cps) plus a superimposed 
sliding sine wave at 5 g rms swept at constant 
logarithmic rate from 2000 to 50 cps in time interval 
of 1 min. Vibrate once in each of three orthogonal 
axes for total vibration time of 3 min. 

b. Apply a 25 g rms sine wave vibration swept at con 
stant logarithmic rate from 2000 to 1000 cps in 30 sec. 
Vibrate once in each of three orthogonal axes for 
total vibration time of 114 min. 

c. The random vibration spectrum is specified only as 
approximately flat. It is suggested that this be obtained 
by adjusting suitable peak and notch-filters for table 
resonances only, using a rigid mass load of the same 
weight as the guidance sub-system. Adjust filters to 
about 3 db (2 to 1 in g*/cps). Also adjust overall 
spectrum so that the predominant peak, if any, occurs 
at about 1000 cps. A sharp cut-off should be employed 
above 2000 cps. Finally, set overall level of 10 g rms. 


® Vibration Shock and Acceleration Portion of Environmental Test Specifica- 
tion for Missile Guidance Electronic Equipment SK-52647-355-40. General 
Electric Co., Utica, N. Y., April 1958 

» Boeing Co. Spec. D14999, January 1957 

© Boeing Co. Spec. D80330 (Bomarc), May 1956 

4 Environmental Type Test Specification for Airborne Electronic Equipment, 
D6003, Space Technology Laboratory, May 1958 

* Because of the preliminary nature of this specification the company name 
cannot be divulged 
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10 g rms for this bandwidth under average conditions. 
Instantaneous amplitudes are usually clipped at values of 
3 «, where o is the rms value, to prevent overloading of 
the shaker equipment and to prevent undue damage to 
the item under test. Dominant frequencies introduced into 
the frequency spectrum by load-shaker reactions may be 
reduced by filters in the shaker amplifier system. Several 
applicable missile component specifications are grouped 
in Table IIL. 

Sinusoidal vibrations may be superimposed upon the 
random motion, or run as a separate test, when field 
measurements indicate their presence. A condition of 
resonant burning may exist in certain solid fuel rockets 
that may introduce sinusoidal vibrations to greater than 
50 g amplitude at frequencies in the 1000 cps range. 
Where the sinusoidal vibrations are large in level (rms 
value) compared with the level of the random vibrations, 
then the two situations may be run as separate tests. 

The expected vibration level is a function of position 
on the missile, generally falling to very small values at 
distances remote from the missile jet (if of a liquid-fuel 
type) or from the jet and the skin of the rocket (if of a 
solid-fuel type). Aerodynamically excited vibrations are 


also of importance. These exist particularly in nose-cone 
areas and around projections, such as air brakes and 
guide surfaces. 

Owing to the complications encountered during random 
vibration tests, many sinusoidal tests are specified in their 
place with the hope that they will provide a reasonable 
substitute. These tests require that the vibration be swept 
over a frequency range usually between about 20 to 2000 
cps. The acceleration amplitude is usually held constant 
down to a specified frequency below which the displace- 
ment amplitude is maintained constant. Typical values* of 
acceleration amplitude for frequencies between 1000 and 
2000 cps range from 5 g in the nose-cone area to 30 g 
for engine-mounted hardware. Displacement amplitudes 
for frequencies below 100 cps are limited to about 0.0005 
and 0.030 in. at these respective locations. Resonances 
that are observed during the sweep test, if they appear 
likely to cause damage, are subjected to sustained vibra- 
tions at the resonant frequencies and at slightly reduced 
amplitudes. The test times are in the order of the rocket- 
burning time. OOO 


* See “Shock and Vibration Specifications for Jupiter Missiles,"’ Report DSF- 
TM-6-58, Army Ballistic Missile Agency, Redstone Arsenal, August 1958. 


Appendix—tTypes of Shock and Vibration Damage 


The results of shock and vibration tests (35, 36, 37) carried 
on at the U. S. Naval Research Laboratory on various 
components of electronic equipments are detailed and ana- 
lyzed in the following tabulations: 


1. Cabinet and Frame Structures (total tested, estimated, 220): 
Shock Vib. 
Deformations (permanent), miscellaneous 39 0 
Deformations (permanent), of structure 
under shock mounts 4 0 
Excessive flexibility of structure under 
shock mounts, no deformation 11 
Fractures, areas of stress concentration 
Fractures, no apparent stress concentration 0 
Fracture in or near weld 2 11 
Low natural frequency of structure 15 
Positioning pins for chassis fractured 0 
Miscellaneous, undefined 16 


The most serious difficulty in ¢abinet or frame structures 
was the failure to have natural frequencies of the shock- 
mounted cabinet above the test frequency range. Resonant 
points at testing frequencies not only subjected the structure 
to unnecessarily high repeated loadings but also placed ab- 
normally large forces on components mounted on the struc- 
ture. If the vibration range extends to such high values that 
resonances must occur within the test range, then isolators 
with damping devices, or rigid mounting, may be required. 


2. Chassis (total tested, 270): 

Shock Vib. 
Deformations (permanent) 18 2 
Fractures in or near weld 4 4 
Fractures, no apparent stress concentration 0 9 
Fractures, points of stress concentration 24 22 
Low natural frequency, lacked stiffness 4 11 

Positioning pins: 
loose, bent or fractured 2 7 
none present, required 0 & 
Miscellaneous, undefined 5 7 


The lack of stiffness and areas of stress concentration 
were the chief causes of damage in chassis construction. The 
importance of the location of components on the chassis 
should not be overlooked. Many designers unfortunately place 
heavy objects such as transformers in the center of a chassis, 
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thereby lowering the natural frequencies, particularly in the 
vertical direction. 


3. Capacitors (total tested, 10,865): 
Shock Vib. 


Canned capacitors (estimated total, 640): 
leads broken internally 4 
mounting failures & 
oil leakage around seal 0 
Tabular paper (estimated total, 10,200) 0 
Variable air-gap (estimated total, 25) 1 


In general, capacitors had very high resistance to damage. 
Broken leads in canned capacitors resulted from fatigue be- 
because the elements were not held firmly captive. Mounting 
failures occurred either at the bend in L-type mounting flanges, 
or in the spotwelded or soldered joints of flanges or mount- 
ing lugs. Some of the mounting failures were aggravated by 
excessive flexibility in chassis construction. One air-gap capaci- 
tor lacked sufficient stiffness in its construction so that “hash” 
was caused during vibration. 


4. Connectors (Cable) (total tested, 1300) 
Shock Vib. 


Poor contact 1 
Loose or bent pins 4 1 
Miscellaneous. undefined 1 3 


Poor contact was usually the result of a poorly soldered 
connection, and loose or bent pins occurred when the plastics 
disks spacing the pins in the connector shell deformed around 
a pin, allowing relative motion to occur. All types of con- 
nectors had very high damage resistance. 


5. CRO Tubes (total tested, 31) 


Electron deflection plates deformed 
Filament failure 

Glass envelope fractured 

Glass socket seal broken 

Rotation of tube in cradle 

Socket inadequately secured to tube 
Miscellaneous, undefined 
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The tabulated damages do not represent all of the tube 
failures but only the first tube failure for a particular in- 
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stallation. The results would therefore more nearly represent 
the number of unsatisfactory mounting systems for CRO 
tubes. The most satisfactory mounting system for tubes smaller 
than 5 in. appears to be a fitted rubber gasket around the 
edges of the face with a positively anchored socket at the 
rear. It cannot slip off the tube or rotate under shock and 
supports the rear portion of the tube. For 5-in. tubes or 
larger, rubber supports or collars along intermediate areas 
are necessary. Tubes larger than 3 in. to 5 in. greatly in- 
crease the difficulty of designing a satisfactory mounting sys- 
tem. There must be no relative motion between support points, 
which requires a very stiff support construction. 


6. Fasteners (total tested, 104,200) 
Shock Vib. 

Elastic stop nuts (estimated total, 570), loose — 0 
Lock washers not present, required 12 
Quick-release fasteners (estimated total, 230) : 3 
Rivets (estimated total, 5000): 

Fractured 

Loose 
Screws and bolts (estimated total, 86,900): 

bent 13 0 

fractured 45 24 

loose 87 86 

stripped threads 13 1 
Set screws (estimated total, 1200) loose 3 3 
Snap-rings, disengaged 6 1 
Spotwelds (estimated total, 10,300), fractured 17 14 
Miscellaneous 2 4 


This tabulation does not represent damages to individual 
fasteners but rather damages to groups of fasteners perform- 
ing a particular function. Perhaps a factor or 4 or 5 would 
approach the number of individual fasteners involved in the 
failures. A large percentage of the estimated number of 
screws and bolts consisted of terminal screws used in con- 
junction with wiring systems and did not carry large loads 
as did the majority of the spot welds. About 270 equipment 
items were involved. 

The best general-purpose fasteners are bolts, screws and 
rivets. Certain types of self-locking nuts are useful for secur- 
ing small components, provided that they need not be removed 
frequently. Quick-release fasteners and set screws should be 
used only if light loads are involved. Snap-rings and spot- 
welds are generally undesirable, but other types of welding 
are good. Lock washers should always be used with screws 
and bolts and the split-ring washer is more satisfactory than 
the star type under these conditions. 


7. Latches (total tested types a and b, 90) 


Shock Vib. 


Snap type: 
deformed 0 
opened during test 0 
Turn-to-open type: 
opened during test 0 
tongue fractured or bent 0 
Pawl type (on chassis slides): 
deformed I 
spring tension lost 0 


It would be wise, if possible, to eliminate the first two latch 
types from a design by use of screw-fastening arrangements. 
If it is necessary to use a turn-to-open latch, a detent should 
always be incorporated. The pawl type normally operates only 
when the equipment is open for inspection or repair, and 
hence is not subjected to high inertial forces. 


8. Locks for Front Panel Controls (total tested, 290) 
Shock Vib. 
None present, required 9 17 
Present locks inadequate 0 1 


All front-panel controls which turn with very little effort 
should have locks. The present commercial designs are sat- 
isfactory. Controls such as wafer switches do not require 
locks. 
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9. Meters and Indicators (total tested, 190) 


Deformation of case (permanent) 

Elements loose internally 

Erratic readings, balancing or damping of 
pointer required 

Glass face fractured 

Housing loose 

Open circuits internally 

Pivots loose or damaged 

Pointers deformed 

Pointer counter-balance spring disconnected 

Zero shift 

Miscellaneous, undefined 


we weno — — 
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The moving-coil galvanometer represented the majority of 
units in this category. Other indicators included were Bourdon 
tube and drive-type synchros. Of the latter group most of 
the failures were either erratic performance under vibration 
or zero shift difficulties. Several manufacturers have designed 
and placed on the market ruggedized meters of the moving 
coil type which appear to be very satisfactory for shock and 
vibration work. If ruggedized meters are not available, meters 
having a metal case should be used and should be floated 
in rubber gaskets near the center of the mounting panels. 


10. Mounting Brackets, Cantilever Type (total tested, 70) 
Shock Vib. 


Deformations (permanent) 0 
Fracture, points of stress concentration 
Low natural frequency, no permanent 

deformations 6 
Miscellaneous, undefined 6 


Damage usually resulted because of low resonant frequen- 
cies or areas of stress concentration, or a combination of 
both. Cantilever brackets should be eliminated whenever 
possible. In general any cantilever type of construction is 
poor design for shock and vibration. 


11. Relays (total tested, 300) 
Shock Vib. 


Armature chatters during vibration, weak 
spring or coil 

Armature chatters, too flexible 

Armature deformed permanently 

Armature failed to hold position during shock 

Armature stops deformed 

Coils loose on pole piece 

Contacts fused or burned because af arcing 

Contacts loose 

Poor electrical contact due to roughened 
surface 

Spring disengaged from armature 

Miscellaneous, undefined 


Relays present a difficult problem for dynamic conditions 
because of the impossibility of balancing all of the moments 
in conventional types. The fact that only 11 armatures failed 
to maintain their position during shock is misleading. Un- 
doubtedly the same failure occurred to the great majority 
of them, but the duration of the opening, combined with the 
sensitivity of the circuitry or position in the circuit, was 
insufficient to cause malfunctioning of the equipment. 


12. Vacuum Tubes. Some of the many factors affecting tube 
performance are the general ruggedness of the tubes, tube 
location on the chassis, location of the chassis in the equip- 
ment, stiffness of the chassis, type of tube socket, type of tube 
clamp, etc. Tests show that tubes have the greatest protec- 
tion from shock when located near the center of a chassis 
or in a similar area of a housing where the greatest deflec- 
tions occur. However, if large resonant amplitudes of the 
chassis occur during vibration, these locations may be bad. 
In packaged equipments with stacked chassis, the chassis 
located farthest from the source of shock appear to have 
greater shock protection because of the attenuation of shock 
in the structure. It is necessary that the tube socket and 
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clamp hold the tube firmly so that large excursions of the 
tube relative to the tube base do not occur during vibration 
and so that the tube will remain in the socket during shock. 
A loose or flexible tube clamp, tube mounting system, or 
an excessively flexible chassis or frame causes many unneces 
sary failures becaue of the abnormally high repeated forces 
during vibration. 

The larger vacuum tubes require support at the top in the 
form of a top-hat clamp or similar device. The commercially 
avajlable base clamps are normally not adequate to minimize 
the excursions of these larger tubes. Poor workmanship also 
contributes to the damages, but usually the first few minutes 
of testing for a particular direction eliminates those tubes, 
and further failures could be attributed to other causes 
Miniature vacuum tubes generally have good dynamic char- 
acteristics. 

Tubes are, of course, critical components since a single 
tube failure can cause the equipment to malfunction electric- 
ally whereas other damages may not necessarily do so. More 
and more manufacturers are placing ruggedized tubes on the 
market for shock and vibration work. If ruggedized tubes 
are used together with a good choice of tube location, a firm 
clamping system, and good chassis and supporting structure 
design, tube failures can be reduced sharply. 


13. Wiring (total tested undetermined) 
Shock Vib. 


Cold soldered joints 10 
Components supported by leads, leads failed 11 
Insufficient clearance, arcing 3 
Insufficient slack, leads failed 7 
Plastics cable clamps fractured 3 
Soldered joint or connection failed 12 
Solid conductor wire failed 14 
Unsupported cables or leads requiring clamp 7 
Wiring lugs failed l 
Miscellaneous, undefined 80 


Wiring failure ranks high in total damages in equipments. 
It is bad because it not only results in malfunctioning of 
the equipment but is difficult to locate for repair. Damage 


Several other points are important: 


a. Excessive flexibility in structural design is detrimental 
to good wiring because of tearing or increased fatiguing 
of the wiring system. 

b. Harnessing or cabling the many individual leads en- 
ables the designer to support the wiring system easily, 
thereby eliminating unsupported leads which fatigue quickly 
under repeated loadings. 

c. Solid conductor wiring and plastics cable clamps are 
not desirable. 

d. In passing between structures of different flexibilities, 
a small loop or sufficient slack should be provided in the 
cable or lead to compensate for the relative motions 
occurring in the area. 

e. Each connection to a terminal from cabling should 
be preceded by a loop in the wire to compensate for any 
relative motions in the system and to allow sufficient length 
for future component replacement. 

f. A good mechanical connection is necessary before 
solder is applied to the joint. 

g. Heavy components supported by pigtails should, in 
addition, have mechanical support. 


14. Miscellaneous Damages 

Shock Vib. 
Brittle material failures 20 2 
Collision of components 36 9 

Parts dependent on frictional clamps or 
pressfits 82 22 
Weld failures 13 1 
Miscellaneous 22 14 


Britile load-bearing materials should not be used if other 
materials can be found that are suitable. However, properly 
supported brittle materials, such as glass viewing panes 
mounted between rubber gaskets, are satisfactory. 

Flexibility of supporting structures combined with inadequate 
clearance between components will cause collision of parts. 
Light friction fits and spring-clip mounting devices are un- 
satisfactory unless supplemented by other means for positive 


can be avoided by good workmanship, 


Acceleration Density Spectrum—see Mean 
Square Acceleration Density Spectrum. 
Acceleration Density, or Acceleration Spec- 
tral Density—see Mean Square Accelera 

tion Spectral Density 

Acceleration of Gravity (g)—the acceleration 
of gravity is taken as 32.2 ft/sec2, 386 
in./sec2, or 980.7 cm/sec2. The nondimen- 
sional unit of acceleration, G, is defined as 
a/g, which is equal to the number of 
gravity units. The acceleration is a. 

Amplitude—in vibration terminology the 
word amplitude is usually reserved to rep- 
resent the maximum value of a sinusoidal 
vibration. If used in other senses its mean 
ing should be carefully indicated. 

Band Pressure Level—the band pressure level 
is the effective sound pressure for the 
sound energy contained within a fre- 
quency band of stated bandwidth. Usually 
the bandwidth is a standard value such as 
octave band or half-octave band. 

Bandwidth, or Passband Width—electrical 
filters can be constructed to pass signals 
between two frequency limits and to reject 
signals outside these limits. The difference 
between these frequencies is the band- 
width, the average of these two frequen- 
cies is the center frequency. Octave bands, 
half-octave bands, etc., are commonly 
used. Smaller bandwidths are required if 
good spectral resolution is wanted. 

Complex Periodic Vibration—any periodic 
vibration that is not sinusoidal. 


* See also Cited References (9) Chapter 1; (18) 
Appendix 1; and (38). 


106 


which is mandatory 


fixture. 


Glossary* 


Complex Vibration—any vibration that is 
not sinusoidal is a complex vibration. 

Conversion from One Band Pressure Level 
to Another—if the sound pressure level is 
determined as p; for a bandwidth Af;, 
then the band pressure level for a band 
width 4fo can be calculated as 


Lpaf, = 10 log 2 Af. 
po? Afi 


Af; 


10 log —; 
oO Af 


Af, 
Lp, — 10 log = 
I o Af 


It has been assumed for the above that 
the spectral level is constant throughout 
the frequency band. 

Decibel (db)—the decibel is a unit of level 
which determines the ratio of two quanti- 
ties that are proportional to power; the 
number of decibels is equal to 10 times 
the logarithm to the base 10 of this ratio. 


Degrees of Freedom—the number of degrees 
of freedom of a system is equal to the 
number of independent coordinates that 
is necessary to define the position of all 
parts of the system at any instant. There 
is one natural mode of vibration for each 
degree of freedom. 

Density Spectrum—see Mean Square Ac- 
celeration Density Spectrum. 


Discrete Frequency—a vibration of discrete 
frequency is a sinusoid. 


Distribution Curve—the ordinate of the dis- 
tribution curve is called probability density 
and the abscissa is the deviation of the 
magnitude of a function from its mean 
value. If the function represents a vibra- 
tion, and if the mean value of the vibra- 
tion is zero, the deviation is equal to the 
instantaneous amplitude of the vibration 
The area under the distribution curve, and 
bounded by two abscissa values, is equal 
to the probability that the instantaneous 
amplitude of the vibration will be con- 
tained between the two abscissa values. 
This area can also be considered as the 
fractional part of the time that the in- 
stantaneous amplitudes of a vibration are 
within this range 


Dominant Frequency—the frequencies at 
which maxima appear on a spectrum of a 
random vibration are dominant frequen- 
cies. 


Double Amplitude—double amplitude may 
be used for sinusoidal vibrations as equal 
to two times the amplitude. This term has 
come into use because it is the excursion 
visually observed in low-frequency vibra- 
tions. 


Driving Point Impedance—the mechanical 


impedance when the excitation and the 
response are for the same point. 


Gaussian (or Normal) Distribution—the 


probability density for the instantaneous 
amplitudes for the usual types of random 
vibrations is approximately given by the 
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Gaussian (01 Normal) Distribution curve. 
This is demonstrated by Eq (11) in the 
main text. 

Half-Sine Shock Pulse—a shock excitation 
for which the acceleration time curve has 
the shape of the positive (or negative) 
phase of one cycle of a sine wave. 

Instantaneous Amplitude—the magnitude of 
a vibrational motion at any given instant 
of time. 

Level—in communication and acoustics the 
level of a quantity is the logarithm of the 
ratio of that quantity to a reference quan- 
tity of the same kind. The base of the 
logarithm (usually 10), the reference quan- 
tity, and the kind of level must be speci- 
fied. 

Line Spectra—a line spectrum is an assem- 
bly of discrete frequencies plotted ac- 
cording to their frequencies. 

Mean Square Acceleration Spectral Density 
—also known as power density, accelera- 
tion density, acceleration spectral density 
or spectral density. The term “accelera- 
tion density” is most frequently used. (Ve- 
locity, displacement, or other appropriate 
terms may be substituted for accelera- 
tion). As defined for random vibration, 
the mean square acceleration spectral 
density, or the acceleration density, is the 
mean of the square of the acceleration 
amplitude per unit bandpass width; ie., it 
is the limiting value of the mean square 
acceleration passed by a rectangular band- 
pass filter, divided by the bandwidth, as 
the bandwidth approaches zero. 

Mean Square Acceleration Density Spec- 
trum — spectral density expressed, of 
plotted, as a function of frequency consti- 
tutes a density spectrum, The mean square 
acceleration density spectrum is abbrevi- 
ated to power spectrum, density spectrum, 
or acceleration density spectrum. The last 
term appears to have most general ac- 
ceptance. ; 

Mechanical Impedance — mechanical impe- 
dance is the complex ratio of force to 
velocity for sinusoidal excitation. It re- 
quires a determination of the force and 
velocity amplitudes together with their 
phase relations. Frequency is a para 
meter. Some authors define impedance 
as the ratio of force to displacement 
instead of velocity. A complete repre- 
sentation of the impedance of a given 
location would require a matrix of terms. 

Microbar—in acoustics a microbar is a pres- 
sure of 1 dyne per sq cm. One bar 10° 
dynes/sq cm 14.5 Ib/sq in. approx 
1 atmosphere, or 1 microbar approx 
one millionth of atmospheric pressure 
(14.7 Ib/sq in.) 

Noise—in acoustics, noise is defined as un 
wanted sound. In vibration terminology 
noise refers to vibrations which are non- 
periodic and of a generally random nature. 
This latter concept also applies to back- 
ground electrical disturbances that are 
characterized as noise. 

Normal Distribution—see Gaussian Distribu- 
tion. 

Peak-to-Peak Amplitude—while this term is 
usually synonymous with double ampli- 
tude, it may represent a different value for 
periodic complex waves where it represents 
the sum of the absolute values of the 
maximum positive and negative magni- 
tudes. 

Periodic Vibration—if the waveform of a 
vibration is repeated at equal intervals of 
time, the vibration is periodic 


Power Density 
tion Density 


see Mean Square Accelera- 


Power Spectrum—see Mean Square Acceler- 
ation Density Spectrum 

Power Spectrum Level—the power spectrum 
level is equivalent to the spectral density 
described for mechanical vibrations. It is 
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the acoustic power per unit bandwidth. 
This is proportional to the pressure- 
squared per cps. It is given as 

Lee = Le 10 log Af; 

Pressure Spectrum Level—the effective sound 
pressure for the sound power contained in 
a unit bandwidth is the pressure spectrum 
level. If Afy equals unity (see equation in 
definition for “Conversion from One Band 
Pressure Level to Another’), the value of 
this equation satisfies this definition and 
the pressure spectrum level is seen to be 


Live Ly, — 10 log Af, 


(Engineers prefer to plot numbers on a 
logarithmic scale rather than the log- 
arithms of the numbers on a linear scale.) 

Probability—probability is the likelihood of 
occurence of a particular event. It is gen- 
erally estimated as the ratio of the number 
of occurrences of the particular event to 
the total number of occurrences of all 
types of-events considered. A unit prob- 
ability means the particular event is cer- 
tain. Zero probability means it will not 
occur. 

Probability Density—the probability density 
is the ratio of the change of probability to 
the change in number of particular events 
considered. In random vibration this is the 
ratio of the probability that the (instanta- 
neous) amplitude will be within a given 
incremental range to the size of the incre- 
ment as the increment approaches zero at 
a specified amplitude position. See Eq 
(13). 

Pulse Type Shock—a shock excitation that is 
an acceleration of simple shape and of 
only one sign. Common shapes are the 
half-sine pulse, the square wave pulse, and 
the sawtooth pulse. 

Quasi-Periodic — a vibration that deviates 
slightly from a periodic vibration. 

Quasi-Sinusoid — a vibration that deviates 
slightly from a sinusoid. 

Random Vibration—a random vibration is 
an oscillation whose instantaneous ampli- 
tude can be specified only on a probability 
basis. 

Rayleigh Distribution—the probability density 
for peak values of a random vibration of 
normal distribution is given by the 
Rayleigh distribution curve. See Eq (16) 

Response—the reaction of a system to an 
excitation is the response of the system 

Response Spectrum—a response spectrum is 
the distribution of the maximum responses 
of a series of single-degree-of-freedom 
systems to a shock motion as a function 
of the frequencies of the systems. 

Root Mean Square (rms)—the rms value of a 
set of numbers is equal to the square root 
of the average of the squares of these 
numbers. The rms value of a function f (1) 
between f,; and f» is 
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Sawtooth Shock Pulse—a shock excitation 
for which the acceleration-time curve has 
the shape of a triangular wave wherein the 
acceleration increases linearly to a maxi 
mum value and then drops suddenly to 
Zero, 

Seismic System—a seismic system consists of 
a rigid mass connected by flexible elements 
to a suitable foundation. The mass is re 
ferred to as the seismic mass. The system 
usually has but one degree of freedom, but 
this is not a requirement. 


Shock Spectrum 


a displacement shock spec 
trum is the distribution of the maximum 
relative displacement responses of a series 
of single-degree-of-freedom systems to a 
shock excitation as a function of the fre 


quencies of the systems. Shock spectra can 
be expressed in terms of acceleration or 
velocity by multiplying the displacement 
spectra by (27f)? or 27f, respectively. 
Spectra can be obtained for either damped 
or undamped systems. An undamped sys- 
tem is assumed unless otherwise specified. 

Sigma (c)—the rms magnitude of a random 
vibration is identified by the Greek letter 
o, This is the same as the standard devia- 
tion commonly used in statistics. 

Single Amplitude—synonymous with ampli- 
tude. 

Single-Degree-of-Freedom System—a _ single- 
degree-of-freedom system consists of a 
rigid mass connected to a reference foun- 
dation by means of a weightless spring. 
The mass is constrained to move along a 
line. Damping may be included. It has 
but one natural frequency It is also 
known as a simple system. 

Sinusoid—a function of the form x = X sin 
(wi + @) is a sinusoid. X is the ampli- 
tude, x is the instantaneous amplitude, 
? is a constant phase angle, w is the 
angular frequency, ¢ is time; w 2nf 
where f is the frequency in cps. 

Sound Intensity—the flow of a sound wave 
is a passage of sound energy. The power 
transmitted per unit of ‘area in the direc- 
tion of travel is defined as the sound 
intensity and is equal to 


p 
pe 


in a free homogenous medium where p is 
the density, c is the velocity of sound, 
and p is the pressure 

Sound Power—if a sound source emits an 
amount of acoustic power W, then for 
a free field the sound intensity at any 
point a distance r from the source is 


W 


tar 


Sound Power Level—the sound power level 
of a sound source, in decibels, is 10 times 
the logarithm to the base 10 of the ratio 
of the sound power radiated by the source 
to a reference power. The reference power 
is usually taken as | micromicrowatt, or 
10-!? watt. 

Sound Pressure—the fluctuating part of 
the air pressure is called the sound 
pressure. Only frequencies above a few 
cycles per second are considered. The 
sound pressure is expressed in terms of 
iis rms value unless otherwise stated 

Sound Pressure Level—the sound pressure 
level, in decibels, of a sound is 20 times 
the logarithm to the base 10 of the ratio 
of the pressure of this sound to the 
reference pressure. The reference pressure 
is usually taken as 0.0002 microbar. 

Sound Pressure Level and Pressure Relations 

it is frequently desirable to visualize 
and to use the pressures involved in 
sound excitation for determining their 
effects on structures. The pressures can 
be calculated from the preceding equa 
tions. (See Fig. 8 in main text.) 

Spectral Density—see Mean Square Ac 
celeration Spectral Density 

Spectrum—a spectrum of a function of 
time is a resolution of its components into 
sinusoidal functions and is expressed as 
a function of frequency. The spectrum 
is also used to signify a continuous fre 
quency range of sinusoidal components 

Standard Deviation—the rms value of the 
deviations of a function, or of a set of 
numbers, from a mean value is the 
standard deviation. It is identified by the 
Greek letter ¢. 

Stationary State—as applied to random 
vibrations, a stationary state exists if the 
rms value and the spectral distribution 
are independent of time. The length of 
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Steady-State—a 


ine averaging ime must be long Compar- 
ed with the periods of significant low- 
frequency components. 

periodic vibration is a 


quency per unit of frequency is constant; 
i. e., df/fdt constant. In this latter 
case the time to sweep between any two 
frequencies of fixed ratio is constant. A 


Vibration—the 


is a measure of the intensity of the shock. 
oscillation of an element 
about a suitable reference point is a 
vibration. 


steady-state vibration. It is usually used 
to separate a periodic vibration from a 
transient phase. 

Sweep Rate, Uniform Sweep Rate, Logarith- 
mic Sweep Rate, Constant Octave Sweep 
Rate—a uniform sweep rate exists if the 
rate of change of frequency is constant; 
ie., df/dt constant. A _ logarithmic 
sweep rate exists if the change of fre- 


constant octave sweep rate is a logarithmic 
sweep rate. 

Transfer Impedance—the mechanical im- 
pedance when the point of excitation and 
the response point are at different loca- 
tions. 

Velocity Shock—a velocity shock is a sud- 
den, assumed instantaneous, change in 
velocity. The value of the velocity change 


White Noise—white noise is noise of a 
random nature having equal energy per 
unit frequency bandwidth over 2 speci- 
fied total frequency band. White random 
vibration is synonymous with white noise. 
A white random vibration exists if the 
mean square acceleration density curve is 
of constant value over the specified total 
frequency band. 
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The Model as a Design Aid 


A three-dimensional version of a design idea may be worth many pictures to both 


the designer and to those considering the merits of a proposed product or operating 


principle. A model can be made purely for visual perception of form and color, or 


it can be constructed to demonstrate or study a function. The materials to be used 


and the methods of fabrication offer a wide scope of selection for modelmaking a: 


a powerful product-development implement. 


Models for form and general appearance presentation purposes, 
showing the effective use of wood in combination with metal 
and actual functional parts. The mixer model (left) was con- 
structed from mahogany, hand carved and lathe turned, finished 
with several coats of high-gloss lacquer and rubbed to simulate 
plastic. Standard beater heads and electrical cords were used. 
On the hand grinder model (right) wood was also used exten- 
sively, with the grinding wheel, base, light and hoses being actual 
parts. (The mixer design is by Douglas R. Witt, and the grinder 
photo is by courtesy of the DoALL Co., Des Plaines, III.) 
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DOUGLAS R. WITT, Director 
IMAGINATION UNLIMITED 
Minneapolis, Minnesota 


THE MODEL OF A projected product or mechanism can 
show working principles, details and features of impor- 
tance to the user, and overall appearance. It can portray 
to others the ideas the designer has in mind, and is par- 
ticularly useful in conveying these ideas to sales and pro- 
duction-responsible persons who may not be skilled in 
the reading and mental synthesis of two-dimensional en- 
gineering drawings. The type of model to be prepared 
and the materials and forms of construction to be em- 
ployed depend largely on which of the various purposes 
are to be served by a particular model, one extreme of 
cost and elaboration being a more or less exact proto- 
type working model, the other being a simulating model 
to present purely visual values. 

Study models can be made in early creative stages 
of a product design. These permit the designer to examine 
forms in clay or in paper cutouts. Clay is an excellent 
medium for freedom of expression and for direct ef- 
fective manipulation to materialize a new idea and then 
to refine or modify it if desired. When the product de- 
sign idea is well defined in the mind of the designer and 
a set of working drawings has been prepared, a presen- 
tation model may be justified. The primary function of 
such a model is to convey the idea to sales and manage- 
ment persons, but it also serves to show final form for 
the designer’s own evaluation. In general, such a model 
should be full scale when possible; miniature models are 
highly deceptive and create distorted images in the eyes 
of all but the most experienced designers. 

When the presentation model has been thoroughly 
studied and exposed to criticism or approval by all con- 
cerned, and any ensuing changes made on it, a more 
exact and detailed mock-up model can be made. When 
possible, the actual final product materials should be 
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Illustrating a design evolution, The preliminary clay study of a washing machine control 
housing (left) led finally to the finished product (right). (Courtesy of Gamble-Skogmo, Inc.) 


A model can serve for tool making. The large dimensionally 
accurate model (bottom) is hand carved from wood or clay, 
cast in plaster and refined in detail and finish. It is then per- 
manently cast in a plastic metallic resin and used by the tool- 
maker as a template in a pantograph system in cutting the die 
for the finished stamping (top). (Courtesy of Whirlpool Corp., 
St. Joseph, Mich.) 


used in a mock-up model. When using substitute mate- 
rials, they should be so finished and treated as to closely 
simulate the intended materials in appearance and in 
other values (such as feel) as far as is possible. 

The final model version is a full-size operating proto- 
type—actually, the projected product made by hand. This 
model can provide the final check on all aspects of the 
product design before tooling for production is under- 
taken. 

The preceding sequence of modelmaking is for the 
most exacting product design program. The designer must 
decide on the types of model required and justified in 
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This radio model (left) served the dual purpose of engineering 
model and to illustrate an advertising brochure since actual 
production of the product occurred after the brochures were pre- 
pared, (Courtesy of the Design Department, Gamble-Skogmo, 
Inc.) 


Hearing-aid eyeglasses. A metal pattern was made for the ear 
frames, which was then used to make a series of rubber molds. 
The final ear frames were made in the molds with a poly- 
ester casting resin. (Courtesy of Harold W. Darr Associates, 
Minneapolis.) 


Hydraulic cylinder. Model is 
made of formed sheet metal, 
plastics dial and wooden body. 
(Courtesy of Harold W. Darr 
Associates, Minneapolis.) 
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any case. For some purposes, a clay model or the equiv- 
alent may be all that is required. 

Materials. Size and complexity and, as indicated, the 
purpose of a model determine the materials and conse- 
quent fabricating methods to be employed, all of which 
have relative advantages and drawbacks. For early stages, 
clay is useful but is not satisfactory for presentation as 
it will not tolerate handling. Plaster is probably the most 
versatile material for general-appearance model work. It 
is hard enough to withstand handling and permits fine 
detail work and finishing. When, for instance, a line of 
similar models or duplicate models is desired, the cast- 
ing of plaster readily permits quantity production. Ordi- 
nary plaster chips and cracks easily, and specialized tools 
are required in its working. 

A widely used material is wood in its various forms, 
one reason being the fairly common availability of pat- 
ternmakers’ shops and facilities. ““Patternmaker’s mahog- 
any” is ideal for modelmaking because of its close, 
straightgrained texture. With suitable tools and equip- 
ment, it is easily worked and will tolerate handling in 
finished form. White pine is a fair wood for model work. 
When fine detail is required, maple, birch or walnut 
should be employed. 


Formed plastics have an important place in model- 
making, but unfortunately the proper facilities for form- 
ing plastics are not commonly available. Designers will 
find that plastic forming should be delegated to outside 
specialists rather than attempting to have it done in 
ordinary model or patternmaking shops. Plastics can 
take rough handling and offer other advantages in pro- 
ducing certain shapes not feasible with other materials 
and methods. 

Aside from prototype and working models, metals are 
used sparingly in model work. The engineering mecha- 
nism, of course, uses metal construction to show opera- 
tional features. The main drawback in the use of metals 
is cost, and of course modifications and design changes 
are not as readily made as with wood and plaster models. 

Modelmaking Facilities. The designer must deter- 
mine how and where models should be made, with the 
various purposes and other considerations in mind. 
When a well-equipped model or pattern shop is not avail- 
able, an outside model specialist is usually better for 
results and economy than attempting to do model work 
in shops not equipped or accustomed to that type of 
work. A list of available modelmaking specialists is 
included here for guidance. OOO 


Some Typical Modelmaking Specialists 


California 


Alhambra: Pacific Miniatures, 817 Palm Avenue South 

Bell: H. A. Burrow Pattern Works, 6811 Salt Lake Avenue 

Glendale: Pearce Plastic Models, 911 Air Way 

Los Angeles: Richard C, Datin, Jr., 5104 Melrose Avenue 
Qvale & Associates, 2525 W. 7th Street 

Maywood: A & M Model Makers, 5272 Alantie Blvd. 

Oakland: Oakland Model Works, 4225 Santa Rita Street 

San Diego: Magee-Bralla & Associates, 3361 National Avenue 

San Francisco: Preston Scale Models, 76 Second Street 

San Leandro: Hughes Industrial Arts, 167 W. Juana Avenue 

Van Nuys: Sidney Smith Design, 8514 Bardwell Avenue 
Herbert La Mers Co., 7216 Kester Avenue 


Connecticut 
Bridgeport: Plastic Tooling Aids, 475 Madison Avenue 
Meriden: C. F. Dahn Co., 34 Cambridge Street 


Delaware 
Wilmington: W. M. Eichbaum Models, Box 1846 


Georgia 


Atlanta: Custom Creations, Inc., 303 Mayson Avenue N. E. 


Illinois 

Chicago: Reinecke & Associates Model Shop, 155 East Ohio St. 
Marvin Glass & Associates, 57 East Ohio 
Acme Tool & Specialties Co., 224 N. Loomis 
Wielgus Product Models, 161 East Grand 

Skokie: H. Neuman & Co., 8136 N. Lawndale Ave. 


Indiana 

Indianapolis: Engineered Models Corp., 3145 Martindale 

Kentucky 

Louisville: Barney Bright Models, 2031 Frankfort Avenue 

Middletown: Production Aid, Inc. 

Massachusetts 

Boston: Morton Hollis Designers, 669 Boylston Street 

So. Sudbury: Atkins & Merril, Boston Post Road 

Michigan 

Detroit: Breitkreuz Custom Models, 6340 Brush Street 
Darue Engineering Co., 27045 W. 7 Mile Road 
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Grand Rapids: J. O. Lockwood Co., 150 Fountain N. E. 


Minnesota 


St. Paul: Pehams Pattern Works, 1263 Donahue Avenue 
Minneapolis: H. Darr Associates, 5 East 22 Street 


Missouri 
St. Louis: R. A. Bussey Machine Co., 5756 West Park Avenue 


New York 
Hastings-on-Hudson: Lester Inc., 24 Aqueduct Lane 
New York City: Berton Plastics, 79 Fifth Avenue 
Model Maker Associates, 1947 Broadway 
Rochette & Parzini, 218 East 25th Street 
Treitel-Gratz Co., 142 East 32 Street 
Y. Mogi, 10 East 23 Street 
Model Masters, 125 West 45th Street 
R. M. Enterprise, 316 37 Street, Brooklyn 


New Jersey 

East Paterson: P. D. Corporation, 379 Market 
Hawthorne: James Grier & Son, 430 Lafayette Avenue 
Irvington: Ber-Design Associates, 41 Smith Street 
Little Ferry: Prototypes, Inc., 75 Industrial Ave. 


Ohio 

Akron: Popperinger-Howell Co., 1342 Aberth Drive 

Cincinnati: Model Productions, 425 Ludlow Avenue 
Huber Industries, 4960 Hillside Avenue 

Dayton: Dayton Pattern, Inc., 12 No. Montgomery 


Pennsylvania 

Rosemount: Phillip A. Derham & Asst. 

Willow Grove: H. S. M. Associates, 1923 Fairview Avenue 
Yardley: Edwin Alexander, Box 333 


Rhode Island 


Cranston: Malsch Brothers, Inc., 69 Fenner Street 


Texas 
Ft. Worth: Construction Service, 4907 Ohio Garden Road 


Wisconsin 
Cudahy: Sheridan Mold & Engineering, 3383 E. Layton Ave. 
South Milwaukee: M & M Industries, P. O. Box 91 





Construction and Use of 
Alignment Nomograms 


Empirical data and physical laws can 
readily be depicted in the form of align- 
ment nomograms for convenient use in 
calculations. For engineering design and 
analysis in which certain relationships are 
used repeatedly, nomograms have distinct 
advantages over curves, offering (for ex- 
ample) far greater ease and_ possible 
accuracy in extrapolation and interpola- 


tion of data. 


D. B. KECECIOGLU 

Assistant to Director of Mechanical Engineering 
and 

R. W. OPPERTHAUSER 

Aviuis-CHALMERS MANUFACTURING Co. 
Milwaukee, Wisconsin 


ANY SINGLE CURVE or pair of curves can be converted 
into an alignment nomogram, and any family of curves 
which is bi.ineal can also be presented in an alignment 
nomogram form, provided all such curves are on Car- 
tesian coordinates. This can be done with an accuracy 
of better than 1 per cent. Non-bilineal families of curves 
can also be converted to alignment nomograms, but with 
reduced accuracy; the accuracy decreases as the diverg- 
ence from bilineality increases. 

Empirical data are usually presented in the form of 
a Cartesian chart (also called a “concurrency 
gram’) as, for example, Fig. la. When three or more 
variab:es are involved, it is necessary 
resulting relationships by a family of curves. To give 
good coverage to the relationships, the family must have 
a large number of curves. For the large number of 


nomo- 


to express the 


curves required for adequate representation of engineer- 
ing information in this form, the time required for data 
acquisition, as for instance by laboratory tests, becomes 
excessive, 


By using the techniques of alignment nomography, it 
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is possible in some instances to reduce experimentation 
time greatly while increasing the family of curves to 
any desired number of members. Furthermore, the ease 
and accuracy of reading the value of a third quantity 
from a knowledge of two other related quantities are 
substantially greater with an alignment nomogram than 
with a family of curves. 

Simple Nomograms. If the “curve” in question hap- 
pens to be a straight line, construction of the corre- 
sponding alignment nomogram is simple. Figure 1 
serves to illustrate the method. The Cartesian coordinate 
scales X and Y, corresponding to the scales in Fig. la, 
are set up parallel to each other an arbitrary but con- 


Y 


b) Alignment nomogram for (a) 


Fig. 1—Conversion of a Cartesian curve (“concurrency nomo- 
gram”) to an alignment nomogram, using the deflection of a 
centrally-loaded simply-supported beam as an example. 
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venient distance apart, as shown in Fig. lb. Any two 
points A and B which lie on the line in the concurrency 
nomogram of Fig. la are then chosen, and the coordi- 
nates of each point are located on their proper scales in 
the alignment nomogram. Straight lines drawn through 
the corresponding points in the two sets of alignment 
coordinates intersect at point P. Any point in the con- 
currency nomogram which lies on the given line AB is 
represented in the alignment nomogram by a line passing 
through fixed point P. 

Conversely, scale X can be set up, a fixed point P 
selected, line Y drawn at such a distance away from P 
as to give a convenient scale on Y, and then the gradua- 
tions on Y can be marked using Fig. la. 

In this manner the alignment nomogram of Fig. 1b 
can be constructed, from which the maximum deflection 
of a given simply-supported, rectangular steel beam 
with various central loads can be easily determined. 

If desired, point P can be located between the two 
coordinate scales by reversing the direction of gradua- 
tion of one of the scales, as was done in Fig. 2. 

Frequently a family of curves, such as shown in Fig. 
2a, is used to express the relationship between three 
variables. An alignment nomogram can be constructed 
for the entire family of curves by choosing points on 
each curve, locating the fixed point for that curve, and 
repeating the process for all the curves in the family. 
A different fixed point will exist on the alignment nomo- 
gram for each curve in the family. Joining these points, 
Fig. 2b, gives a third scale which represents the beam 
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Fig. 2—Conversion of a family of curves (top) to an alignment 
nomogram (bottom). The data represent the deflection of 
centrally-loaded simply-supported beams of various depths and 
having thickness 1 in. and length 120 in. 
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depth. In this manner the alignment nomogram of Fig. 
2b is derived which gives the maximum deflections of 
the beam of Fig. 1 for various depths of beam. 

Rectification of Curves. Alignment nomograms may 
also be constructed from non-linear functions, provided 
suitable scales are used. A curve may be rectified as 
shown in Fig. 3. In this figure, a straight line is drawn 
through the extremities of the curve. Points on the X 
scale are projected vertically to the curve, thence hor- 
izontally to the straight line, and then vertically to the 
X’ scale. Scale X’ is called a “functional” or “trans- 
formed” scale, and is used in place of the X scale in 
constructing alignment nomograms. The transformed 
scale is then used to construct the alignment nomogram 
of the curve in Fig. 3, by employing the same method 
as that used for a straight line, Fig. 1. In this manner 
the area moment-of-inertia of rectangular beams with 
various depths can be obtained. 

Two curves in a concurrency nomogram may be recti- 
fied simultaneously by using two transformed scales. 
(1)* This process is demonstrated in Fig. 4. 
like” series of lines, a bc . 


A “step- 
. , is drawn between two 
curves, which are sufficiently close together to permit 
the drawing of five or more steps. Two parallel lines 
are drawn at a convenient angle, as shown in Fig. 4b, 
and a corresponding set of step-like lines, a’ b' e' a 
is drawn between the parallel lines. The transformation 
curves of Figs. 4c and 4d are then drawn by connecting 
the respective intersections of the vertical steps in Fig. 


*Italic numerals in parentheses refer to Cited References at end of article 





> 
o 
°o 


nertia of area 




















Beam depth, 
Fig. 3—Rectification of a curve by means of a transformed 


scale, moment of inertia of area as a function of beam depth 
for a 4 in. wide beam. 


113 








Fig. 4—Rectification of curves by means of transformation 
curves. Stress concentration factor (Kr) for a shaft with a 
shoulder fillet, in torsion. (3) 


4b with the horizontal steps in Fig. 4a, and the hori- 
zontal steps in Fig. 4b with the vertical steps in Fig. 4a. 
The transformed scales in Fig. 4b are calibrated by 
projecting the original scales to the transformation 
curves and thence to the new axes which are perpendicu- 
lar to the original axes. 

The angle at which the parallel lines are drawn in 
Fig. 4b governs the relative lengths of the two trans- 
formed scales, and the distance between the parallel 
lines governs the absolute lengths of these transformed 
scales. By proper choice of these two variables, the 
utility and accuracy of the alignment nomogram may 
be greatly increased. 

Using the transformed scales of Fig. 4b, a nomogram 
can be constructed by the method illustrated in Fig. 1, 
from which the stress concentration factor in the 
shoulder fillet of a circular shaft in torsion can be 
obtained. 

It should be noted that rectification by two trans- 
formation curves, applied to only two curves of a family, 
need not rectify all curves of the family. Such is the 
case for the D/d = 1.09 curve in Fig. 4b, which did not 
turn out to be a straight line. Only curve families which 
have a property called “bilineality” can be transformed 
into straight lines by rectification. 

Test for Bilineality. A simple test for “bilineality” 
is demonstrated in Fig. 5, which, if satisfied by three 
curves having a common point, assures rectification by 
two transformed scales. (2) This test is satisfied when 
the construction of a rectangular chain, starting at any 
point P,; on the middle curve, forms a closed loop. The 
test should be applied to, and must be satisfied by, 
several points on the curves, such as point P,, also. 

A family of more than two curves can thus be recti- 
fied by the use of only two transformed scales if the 
family is bilineal. Once the curves are rectified and the 
transformed scales calibrated, the previously described 
methods can be used to construct their 
nomogram., 

Alignment nomograms constructed from exactly bi- 
lineal concurrency nomograms would usually give val- 
ues which do not deviate by more than 1 per cent from 


alignment 
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r/d 
Fig. 5—Test for bilineality of curves. Stress concentration factor 
(Kr) for a shaft with shoulder fillet, in bending. (4) 


from the concurrency nomogram. 

Should the family of curves deviate slightiy from 
bilineality, attempt to calibrate the third scale will re- 
sult in the formation of small areas rather than the 
desired points. An alignment nomogram which satisfac- 
torily approximates the true function can still usually 
be obtained by using the centroids of the small areas 
for the calibration points. The accuracy of the nomo- 
gram will obviously decrease as the size of these areas 
increases. 

Interpolation and Extrapolation. Curves for stress 
concentration factors in shafts with a shoulder fillet in 
bending (4) are given in Fig. 6. The solid lines in Fig. 
6 indicate the curves used to construct the alignment 
nomogram of Fig. 7. The broken lines in Fig. 6 indicate 
the curves interpo!ated with the use of the alignment 
nomogram of Fig. 7; the dot-dash line in Fig. 6 indi- 
cates the extrapolated curve. 

Interpolation was accomplished by constructing the 
alignment nomogram by the methods discussed previ- 
ously, and then calibrating the third, D/d, scale into 
finer divisions (interpolation) by the method illustrated 
in Fig. 8. The method consists of laying out a “linear 
scale,” usually perpendicu'ar to the original scale, or 
to the projected scale as shown in Fig. 8a, and forming 


those obtainable 


a transformation curve from the intersection of corre- 
sponding points projected from the two scales. In Fig. 
8a, the “linear scale” was laid out at an angle of 30 
deg with the D/d scale in order to expand the D/d 
scale via the “inclined projection” technique and to 
make the transformation curve easier to use. A second 
“expanded linear scale” has been used in Fig. 8b to 
calibrate, in a similar manner, the lower end of the 
D/d scale, where a small change in the value of D/d 
corresponds to a large change of length on the D/d scale. 

The values on the left of the D/d scale in Fig. 7 
were obtained by interpolation and through the use of 
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Fig. 6—Stress concentration factors for shafts with shoulder 
fillets, in bending, in the form of Cartesian curves (“eoncur- 
rency nomograms”). (4) 





the transformation curves of Fig. 8. The curves for 
these values were then drawn in Fig. 6, as the broken 
lines, by using the alignment nomogram of Fig. 7 and 
the corresponding point established on the D/d scale. 

Extrapolation was accomplished* by extending the 
transformation curve in Fig. 8a to the right, assuming 
that the trend established in this curve would persist as 3+ 
such in the extrapolated range beyond D/d = 6. The 
same construction procedure as for interpolation was 
then used to locate the point for D/d = 7.5 on the D/d 
scale in Fig. 7. Using this point, the dot-dash line of 
Fig. 6 was drawn in as an illustration of the extrapola- 
tion technique. It must be mentioned that the accuracy 
of the extrapolated curve depends very heavily on the 
accuracy of extending the transformed curve in Fig. 8a. 
Consequently, it may be seen that accuracy in extra- 
polation is limited to a small range. 

Through this technique of interpolation and extra- 
polation, the useful range of experimental data can be 
extended and much experimentation time and money 
can be saved. 

The process of applying alignment nomography to in- 
terpolation and extrapolation of families of curves may 
be summarized as follows: 

Construct concurrency nomogram from test data (Fig. 
6, solid lines), then test for bilineality (Fig. 5). If bi- 
lineal, construct transformation curves and calibrate 
new scales (Fig. 4). Using the transformed scales, con- 
struct alignment nomogram and calibrate the third scale 
with the available test data (Fig. 7). Continue calibration 
of third scale by means of a transformation curve and a 





Fig. 7—Stress concentration factors of Fig. 6 transformed to an, 
alignment nomogram. 
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Highlighting the 23rd Westinghouse Ma- 
chine Tool Forum were problems en- 
countered in design of components, drive 
systems and controls. Reported on here 


are several papers delivered at the Forum 
and selected to show the scope of the 
problems discussed and the common inter- 


est displayed in certain specific areas. 


DETAILED DESIGN PROBLEMS rather than overall, broad 
implications received major attention at the 23rd Machine 
Tool Forum sponsored by Westinghouse Electric Corpo- 
ration in Buffalo, N. Y., in April. Special attention 
centered about the design of new electrical, variable-speed 
drive systems (particularly those involving semiconductor 
rectifiers), application problems involving limit switches 
and other sensing devices, reports on the use of numerical 
control, and various new devices and design trends as- 
sociated with such controls. 


Variable-Speed Drives 


The need for a variable-speed power supply for a 
toolroom lathe led to the design by the Barber-Colman 
Co. of a variable-voltage supply utilizing silicon rectifiers 
and variable autotransformers. W. A. Means, in describ- 
ing the development, pointed out the high efficiency, small 
size, and recently lowered cost of the silicon units as 
factors influencing their choice. A motor-generator set 
was ruled out for this application because of disad- 
vantages in size, noise and vibration and the need for 
some additional control for /R compensation if good low- 
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Machine Tool Forum 
Tackles Design Problems 


speed performance is required. Regulated, rectified a-c 
control using grid-controlled rectifiers and magnetic 
amplifier supplies were also ruled out. 

The basic requirements of the drive involved were: 
3-hp rating with max horsepower over as wide a range 
as possible; field and armature control of d-c shunt motor 
adjustable from a common shaft; power-supply com- 
ponents must be able to operate at 200 per cent of capa- 
city for short intervals; circuits as simple as possible 
(and with no electronic devices) for ease of maintenance; 
control must be rugged enough for production toolroom 
service yet perform as required in precision tool and 
gage making. 

A schematic diagram of the control circuit is shown 
in Fig. 1. The d-c motor is rated for 650 rpm, 120 volts, 
and is varied from 650 up to 2600 rpm by field control 


Arm auto- 
transformer 


Interlock sol 
10 


Fig. 1 
control. 


Schematic diagram of silicon rectifier variable-speed 
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and from 650 down to 65 rpm by armature control. The 
armature supply is taken from a variable autotransformer 
which is supplied with 120 volts a-c. To compensate for 
IR drop in the motor and thus achieve good regulation, 
a voltage from transformer winding /73 is added to the 
output of the variable transformer. The amount added by 
IT3 is determined by the size of the voltage applied to 
primary windings /7] and /7T2, which are in series with 
saturable reactors /SR] and /SR2. The impedance of the 
latter and, hence, the amount of voltage they absorb, is 
determined by the amount of current flowing through 
ISR3, which is in series with the armature. 

Resistor R4 is placed across the armature circuit to 
limit the regenerative voltage produced when the field 
is strengthened rapidly to go from high speed to low 
speed. It also serves as a load to limit the impedance of 
the rectifiers, suppressing any transient voltages produced 
by switching of transformers on the supply lines. 

Field control of the motor is achieved by a second auto- 
transformer and selenium rectifiers (used because they 
are less expensive and less affected by transients.) An 
additional transformer, 27, has been added to limit the 
minimum field voltage. Resistor R3 in series with the 
field provides a maximum-speed adjustment, eliminating 
the need for an adjustable mechanical stop on the auto- 
transformer. 

The speed-load curves at various speeds of a 3-hp 
motor operating from this control are shown in Fig. 2. 
For a no-load speed of 110 rpm, the lower curve shows 
a regulation of approximately 20 per cent. At higher 
speeds, regulation is about 10 per cent. 

In a second paper on the use of silicon rectifiers in 
drive systems, S. E. Morgan and E. H. Vedder of West- 


inghouse described the static, d-c adjustable-speed drive 
which appeared in the Design Trends Section of ELEc- 
TRICAL MANUFACTURING of March 1959. The simplest of 
this type of unit is a constant-horsepower drive in which 








Motor operating from 
silicon rectifier control 


—-=——-=— Motor supplied with 
constant D-C armature 
voltage 








Load in per cent of full load 


Fig. 2—Speed vs load curves for motor powered by silicon 
rectifier control, D-C shunt motor is rated at 3 hp, 650 rpm, 
frame size 256. 
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Numerical Control Systems 
Standardization 


Although only two papers presented at this year's 
Forum dealt directly with numerical controls, there 
was much interest expressed in the development of 
such systems on the part of machine tool electrical 
engineers, as evidenced by disclosure of plans for 
cooperative efforts on several levels. The National 
Machine Tool Builders’ Association has set up a 
Numerical Controls Subcommittee under the Electri- 
cal Committee of the NMTBA., J. J. Jaeger, executive 
vice president, Pratt & Whitney Co., Inc., is chairman 
of the technical subcommittee. This committee will 
not attempt to duplicate any work being done on 
standardization of “hardware” items, but will tie in 
with other technical committees on a systems basis 
and will coordinate information within the machine 
tool industry. 

The Electronic Industries Association has set up a 
Numerical Machine Tool Control Standards Sub- 
committee TR-24.1 under the chairmanship of L. W. 
Herchenroeder, advisory engineer of Westinghouse. 
Under this committee are two subcommittees: TR- 
24.1.2, Contouring and Positioning, under the chair- 
manship of J. M. Morgan, The Cincinnati Milling 
Machine Co.; and TR24.1.3, Electrical Construction 
Standards, chairmanned by D. B. Schneider, Specialty 
Control Department, General Electric Co., Waynes- 
boro, Va. In EIA, numerical control activity comes 
under TR-24, Automation Systems, of which E. H. 
Bosman, IBM, Endicott, N. Y., is chairman. 

Under EIA Subcommittee TR-24.1.2 a proposal for 
standardization of Numerical Machine Tool Control 
Perforated Tape has been prepared and is now 
being reviewed by the parent committee. It ties in 
with definitions included in EIA Automation Bulle- 
tin No. 3 (May 1958) on “Numerically Controlled 
Machine Tools.” 

The Aircraft Industries Association is also working 
on numerical control and is sponsoring a proposed 
standard coding for punched tape using 1-in., 8-level 
tape. 

Within recent months NEMA has also set up an 
Industrial Automatic Systems section chairmanned 
by Dan L. Pierce, Systems Control Department, West- 
inghouse, Buffalo. Harry L. Palmer, engineering man- 
ager, Specialty Controls Department, General Electric, 
is chairman of the technical committee. This group is 
presently composed of ten manufacturers of com- 
ponents that enter into control systems as well as 
complete systems, 


speed is varied by adjusting the voltage applied to the 
field. In more elaborate units, armature voltage is varied 
also by the use of magnetic amplifiers. 


Modified Kraemer Drive 

The term “Kraemer drive” was originally applied to 
two rotating machines, one a-c motor and one d-c motor 
mounted on one shaft, with power for the d-c motor being 
derived from the voltage generated in the armature wind- 
ings of the a-c motor. This a-c power was converted to 
d-c by a third machine, a rotary converter. Speed adjust- 
ment of the a-c motor was achieved by controlling the 
excitation of the d-c motor. In the modified Kraemer 
drive (Westinghouse trade name, Rectiflow) whose ap- 
plication was described by F. W. Duncan of the General 
Motors Truck and Coach Div., the rotary converter be- 
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Fig. 3—Modified Kraemer drive in which slip power from 
wound rotor of a-c motor is used to drive d-c motor. 


tween the a-c motor armature and the d-c motor is 
replaced by static rectifiers (silicon or selenium) as 
shown in Fig, 3. 

Starting torque of this drive is determined by the size 
of the slip resistors in the d-c armature circuit. These 
resistors are shorted out after starting by the operation 
of a pneumatic time-delay relay. Speed control is obtained 
by varying the excitation to the d-c field. Mounted on 
the same shaft as the field excitation rheostat is an over- 
speed rheostat which controls the operation of an over- 
speed relay. The latter has two coils, the second being 
excited from a voltage taken from the d-c armature 
supply. The relay has a differential action and is set to 
drop out if there is a 10 per cent change in speed (in- 
dicated by the armature voltage) that has not been called 
for by a corresponding change in the field excitation 
rheostat. 

Figure 4 shows a modification of the drive in which an 
auxiliary a-c supply is used to supply an inching voltage 
to the d-c motor for slow speeds. This schematic also 
shows the inclusion of a resistor across the d-c armature 
for dynamic braking. 

The modified Kraemer drive has been successfully 
applied to grinding machines for finishing crankshafts 
and in a seven-station transfer-pin grinder. The drive 
combines simplicity of construction, a minimum of mov- 
ing parts, and high efficiency. Its performance capabilities 
are achieved with minimum inrush current demands on 
the electrical distribution system. 


Motor Design 

Salient construction features of the Westinghouse Life- 
Line H drip-proof, d-c motors were presented at the 1957 
Machine Tool Forum. The same design features, utilizing 
a silicone insulation system, have been built into a new 
enclosed motor (Fig. 5). These machines are built and 
rated to meet the NEMA temperature standards of a 75 C 
temperature rise. According to A. G. Posluszny of West- 
inghouse, the insulation on the Life-Line H motors will 
last longer regardless of the temperature conditions to 
which it is subjected because iron and copper is com- 
bined with the insulation in sufficient quantities to meet 
the low-temperature standards. Tests have shown that the 


Slip 
rectifiers 


Disc. switch Line contactor 


Slip resistors 
or breaker S 


D-C 
motor 
armoture 


.Dynamic 
breaking 
resistor 


mH 


Fig. 4—Same drive as in Fig. 3 with additional power supply 
to provide for low-speed inching. 
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high-temperature insulation used will last longer than 
ordinary Class B insulation under any temperature con- 
dition. 

Of particular importance in the design is the extent to 
which silicone vapors might have a detrimental effect on 
commutation. To prevent this difficulty, silicone-treated 
armatures and field coils are given a long bake at 200 


Fig. 5—Totally enclosed fan-cooled Life-Line H Westinghouse 


motor. 


Fig. 6—Cutaway view showing paths of airflow and counterflow 
heat exchanger in Life-Line H motor. 
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Silicon Trinistor Triode 


‘ 
Ss 


The silicon Trinistor is a_ three- 
terminal device (see photo) that 
might be considered as a semicon- 
ductor thyratron. In transistor termi- 
nology, the three terminals are the 
emitter, the base and the collector, as 
shown in the diagram. Also shown 
are the volt-ampere breakover char- 
acteristics of the Trinistor. The ini- 
tial breakover voltage in the forward 
direction can be as high as 500 to 
600 volts. Reverse voltages are in ex- 
cess of the forward breakover volt- 
ages with zero base current, accord- 
ing to Edward A. Petrocelli, who de- 
scribed this recent Westinghouse de- 


as the voltage on the grid of a thyra- 
tron does. Once it has been triggered, 
the Trinistor continues to conduct and 
control of the load current is lost. To 
turn the unit off, the collector current 
must be brought below the critical 
value, I,. 

The new device lends itself well to 
static a-c switching circuitry, where a 
large a-c output must be controlled by 
a relatively small input. It can be 
used as an output device for static 
logic systems and is many times 
smaller than a magnetic amplifier ca- 
pable of switching the same load. It 
is predicted that the Trinistor may, 


velopment. 
Three-tterminal silicon Trinistor a-c 
switch, 


Lp0 <1b\<Lb2 


+ 
Collector 


.. @ 
} 


Base 


i” 
LpeN 


9 Forward conducting 


region 


C to cure the resin fully. This insures stability of the 
insulation even at abnormal temperatures. The machines 
are also designed to have large interpoles, ample turns, 
and brass shims to assure good commutation. 

In ventilating enclosed machines, the problem is first 
to transfer the heat from the points where it is generated 
(armature, commutator and field coils) to points where 
it can be transferred to the external cooling air. This 
transfer is accomplished by an internal fan which circu- 
lates air through and around the internal parts and then 
to the motor shell, whence it is dissipated. Heat dissipa- 
tion occurs through natural convection in non-ventilated 
designs and through forced convection in fan-cooled 
designs. 

In these motors an internal fan circulates the air 
along two paths, Fig. 6, one axially along the armature 
and field coils, the other radially through the rear-end 
turns of the armature and on the inside of an adjacent 
counterflow heat exchanger. Made of aluminum for good 
heat conduction and in diaphragm form, the heat ex- 
changer has radial fins on the inner surface to direct the 
air flow and pick up heat and on the outside has circum- 
ferential ribs which mesh with notches in external blower 
blades. The outer ribs are interrupted with openings to 
give maximum spiral air flow through the blower. 

However, the removal of heat is only one part of the 
design problem. The other is the control of the amount 
of heat generated. Electrical insulation must have good 
heat-transfer properties in addition to being a good 
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The voltage on the base of the 
Trinistor acts to trigger the unit just 


Ic 


in time, be used to drive large induc- 
tive loads directly, eliminating need 
for contactors and interposing relays. 


breakover voltage 
zero base current 


= base current necessary to reduce 
breakover voltage to approximately | volt 


minimum collector current which will keep 
the trinistor in the conducting state with 
zero base current 


breakover current 
emitter- collector voltage 


emitter- collector current 


Breakover characteristics of silicon Trinistor. 


electrical insulator. These qualities are provided by. sili- 
cone enamel; silicone-bonded Glascron; silicone-treated, 
close-weave, fine-filament glass tape; and silicone-bonded 
glass and mica insulation. Also, 900-denier glass yarn is 
used rather than the normal 300-denier. Besides the fact 
that these materials have good heat-transfer properties, 
their use permits an increase in the quantity of copper 
used so that less heat is generated. Another major source 
of heat—core losses in the steel 
the use of low-loss electrical sheet. 


has been reduced by 


The construction of the front bracket on the machines 
is designed to permit the use of overhung exciters, tacho 
meters, brakes, pulleys, or overspeed devices. Although 
the rear bracket has large openings for air entrance, the 
air flow, because of its low velocity, will pick up little 
dirt and debris. Openings are at the bottom and sides 
so that air flow will not be restricted by gear cases, 
pulleys or couplings. An airshield is provided to guide 
the incoming air into the external fan where the ‘air 
passage is restricted to increase velocity and promote 
effective heat transfer. In addition, the meshing of the 
external blower vanes with the circumferential ribs pro- 
vides a cleaning action to prevent clogging. Both internal 
and external fans are designed for low inertia and an 
explosion-proof shaft seal is used at the inner bracket to 
prevent entrance of airborne particles into the motor. 
The surfaces of the aluminum heat exchanger and ex- 
ternal aluminum fan are treated with a vinyl plastic which 
is resistant to abrasion and corrosion. 





Table I—Characteristics of Typical Life-Line H Enclosed D-C 
Machines in Comparison with the Machines They Succeed 


Totally-Enclosed, Non-Ventilated 


3 hp, 1150 rpm 


Old New Old 
324 SKLL 
1150/2300 

3.5 


256A SK-H 
1150/2800 


Frame size 365 SKLL 


Speed range, rpm 1750/2190 
Inertia (WK), lb-ft? . TI 15 
Weight, Ib 360 250 605 
Shaft height, in. & 64 4 
Motor height, in. 1514% 12%% 1715% 
Length, in. 24% 6 21° 16 285 16 


Table | compares the new line of motors to older, 
similar machines. 

The successful use of digital computers in motor design 
has encouraged motor engineers to take advantage of this 
new tool in making duty-cycle calculations. F. R. Karr 
described the use of such a computer at Westinghouse in 
calculating the effects of many types of duty cycles on 
the temperature rise of motors and on instantaneous 
heating. Another use has been to calculate the permis- 
sible number of no-load plug reversals to obtain an 
indication of motor capability. The computer is par- 
ticularly useful in obtaining answers to problems in- 
volving new or contemplated designs where no test data 
exist. 

Motor operations which occur during a duty cycle 
include: starting, running, idling, mechanical brake 
stopping, plug stopping, plug reversing, regenerative 
braking, d-c braking and jogging. The general method of 
calculation employed is the “watts loss” method which 
balances the heating of the motor against its cooling 
ability to assure that maximum safe temperatures are not 
exceeded. The motor speed vs motor torque and vs load 
torque curves of Fig. 7 illustrate how these quantities can 
vary with speed from operation against the field (plug- 
ging) through the motoring region to operation above 


__ Slip 


1800 


rpm 
torque torque 


Fig. 7—Speed vs motor torque and speed vs load torque for 
duty cycle drive. 


120 


10 hp, 1750 rpm 


324A SK-H | 364SKLL | 324A SK-H 
1750/3000 


Totally-Enclosed, Fan-Cooled 


10 hp, 1150 rpm 30 hp, 1750 rpm 


| 

New | Old New Old New 
123 SK 366A SK-H 
| 1150/1750 1150/2800 | 1750/1925 1750/3000 

4.7 13.5 4.9 | 45.5 9.5 
470 600 | 470 1575 745 

8 9 8 1414 9 
15% 18% 16% 2934 | 196 
2516 295% 251% 36746 291929 


synchronous speed (the regenerative region). In the 
motoring region, between unity slip and zero slip, the load 
torque subtracts from the accelerating torque. In con- 
trast, in the plugging and regenerative regions, the load 
torque aids braking. 

The most accurate method of calculation involves in- 
tegrating time, heating losses, cooling ability and effects 
of motor torque, load torque, and system inertia over the 
speed range. Manually this is a laborious process, but it 
can. be done simply by using a digital computer. Of 
course it is necessary to obtain an accurate definition of 
the elements of the duty cycle. When such data must be 
estimated, the estimates should generally be made by the 
designer of the driven equipment rather than the motor 
designer. Simple graphic illustrations such as those shown 
in Fig. 8 will often clarify the explanation for the driven- 
equipment designer. 

To enable persons not directly familiar with motor 
design to define the character of duty cycles encountered 
in practical applications, a simple work sheet such as 
that shown in Fig. 9 has been developed. “Operation 
Number” refers to the sequence of operations occurring 
until a repetitive point of the cycle is reached. The “HP 
Load” figure is necessary only for the “Run” operation. 
If the horsepower value is not known, the torque required 
can be indicated instead. The column headed “Syn- 
chronous RPM” is provided so that, in the case of multi- 
speed motors, the particular winding involved may be 
indicated. In the case of the “idle” operation, it is nec- 
essary to know whether the power is on (running at no 
load) or off (standing still) so that the cooling capability 
of the motor can be accounted for properly. 

When it is possible for the motor designer to obtain a 
load-torque curve for the speed range over which the duty 
cycle is to be studied, the best analysis of the cycle can 
be made. Also, when there are special requirements in- 
volved in the duty cycle, they should be specified. 


Limit-Switch Problems in Control 


Much of the discussion in problems of control at this 
year’s Forum centered about the reliability of the limit 
switch as a sensing device. In comparing the relative 
merits of limit switches and proximity switches on 
machine tools, John M. Morgan, Jr., of The Cincinnati 
Milling Machine Co. stated that, when properly applied 
mechanically and without excessive load on the contacts, 
limit switches will give a high degree of reliability. The 
main limitation of these devices is in certain applications 
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where the presence of chips and coolant cause failure, 
and of course they cannot be used where it is necessary 
to sense parts without physical contact. 

In Table II is Mr. Morgan’s evaluation of the relative 
characteristics and capabilities of mechanical limit 
switches compared with other sensing devices. In the 
table a “1” indicates that device is considered the best 
of the three types for the particular characteristic; “2” is 
second best, etc. 

The outstanding feature of proximity switches is their 
ability to sense the presence of a part or operating ele- 
ment without actual physical contact. In general, the part 
to be sensed must be of a ferrous material, although some 
proximity switches can also sense nonferrous objects. 
When properly applied, they are quite reliable and can 
be extremely fast in operation. When used with static 
switching elements, proximity switches are ideal for 
counting operations. In general, however, they are not as 
simple and positive nor as fail-safe as limit switches. 

The vane-operated limit switch is a relatively new 
device designed to give leverless operation with less cost 
and fewer mounting problems than proximity switches. 
The switch is energized by the passage of a soft-steel 
vane through a recessed slot in the switch. The vane 
disturbs a magnetic field balance and causes two small 
contacts, located between two 
open or close. Normal stray magnetic fields, metallic 
objects, or dust or chips in the slot will not cause false 
When properly applied, the vane-operated 
limit switch will give reliable operation. It is constructed 


permanent magnets, to 


operation. 


Customer 


Application i 

Estimated H.P. : Sis 

Voltage 
Frequency 


Phases 
Poles 


simply and is relatively easy to mount and wire. Its 
major limitation is that it can be provided with only one 
contact which can be specified as either normally open or 
normally closed. 

The use of a limit switch as a sensing device has been 
eliminated in one application of the Bryant Chucking 
Grinder Co. Described by David V. Dickey, this devel- 


Table II—A Comparison of Characteristics of 
Various Types of Contact-Making Sensing Devices 


Mech- 
anicel 
limit 
switches 


Vane- 

operated | Proxim- 
limit ity 
switch switches 


Reliability 

Simplicity 

Positiveness 

Fail-safe 

Foolproof 

Accuracy 

Fast operation 

Size-sensing unit 

Size-total 

Cost 

Mounting and wiring 
Suitable for adverse environment 
Adequate number of contacts 
Power handling capacity 
Snap action 

Small differential 

Low operating force 

Sensing without contacts 
Provision for overtravel 
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WESTINGHOUSE A.C. MOTOR DUTY CYCLE DATA REQUIREMENTS 


‘Men Ex stent Machine Too! Co Load Inertia at Motor Shaft 
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(in pound feet squared): 0 2/ # fee *® 
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Speed —»+ 


|[—_—— 5S 


Time —= 
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Fig. 8—Graphic illustrations of various duty 
cycles: (a) start-run-stop-idle; (b) start-run- 
reverse-run-reverse-run-reverse-stop; (¢) run 
it varying loads. 





Fig. 9 Example of actual worksheet used 
in calculation of motor duty cycle. 
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Fig. 10-—-Schematic of electronic circuit 
used with contact-making sensing device. 


opment uses an electronic circuit to provide an electrical 
stop to the travel of a cross-feed mechanism in their 
Centalign grinder. The usual way of sensing the end of 
the infeed motion is to locate a limit switch somewhere 
on the cross-feed mechanism. This may require an auxil- 
iary lever or some other plan to operate the switch at 
approximately the same moment that the mechanical 
stop is touched. Quite often, the mechanical design is 
complicated by the mounting and operation of the switch. 
In addition, some method for adjusting the switch posi- 
tion is necessary. 

In the new design, the electrical sensing element is 
incorporated in an internal mechanical stop. The fixed 
stop is completely insulated electrically from the rest of 
the machine and a small d-c voltage is applied to it at all 
times. When the feed lever contacts the stop at the end 
of the grind, the d-c voltage is shorted to ground through 
the machine bed. The insulated stop is connected to the 
grid of an electron tube as shown in Fig. 10. 

The heart of the circuit is a gas-filled thyratron whose 
control grid is normally biased to cut-off by a negative 
voltage obtained from potentiometer R6. When the stop 
is reached and contact is made, the negative bias on the 
tube is shorted to ground and the grid is made sufficiently 
positive to begin to conduct. When the tube conducts, 
sensitive d-c relays in its plate circuit are energized to 
perform the necessary control functions. A thyratron 
tube is used in this application because of its latching 
quality (once triggered, it continues to conduct regard- 
less of grid bias). To reset the circuit, the plate supply 
is removed by relay action. 

In another application of the new development, the 
thyratron tube was replaced by a 12AU7 vacuum tube 
(Fig. 11). In this case the control grid of the tube is 
maintained at ground potential by the normally closed 
contact on the machine. The contact is arranged so that. 
when the plug enters the bore of the workpiece, which 
indicates the correct part size, the contact is opened and 
the grid is made positive so that the tube conducts. Con- 
duction stops as soon as the plug is removed and the 
contacts are allowed to reclose. 

The basic circuit used here is extremely versatile and 
may be used in a variety of ways. Almost any low-level 
signal may be used to trigger the grid and obtain outputs 
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Fig. 11—Variation of Fig. 10 using 
vacuum tube rather than thyratron. 


capable of operating conventional control components. 
The signal may come from a limit switch, a photoelectric 
device, a microphone, or other suitable source. 


Machine Control Advances 

Several papers at the 1959 Forum dealt with the solu- 
tion of problems encountered in applications of controls 
and static switching to machine tools. Ivan L. Hosek of 
Ford Motor Co. and Norman L. Caban of Westinghouse 
told of the largest single installation of industrial static 
control systems in the world at the Ford Sharonville 
(Ohio) plant. Included in its 23 specific applications of 
static controls are 19 multi-operation transfer machines, 
two automatic grinding applications, and two automatic 
super-finishers. Approximately 6700 Cypak modules are 
used. 

Since JIC Electrical Standards do not cover static 
control systems, it was necessary in this installation to 
set up ground rules for the construction of the control 
systems. Prior to the design of the controls, Ford pro- 
vided all manufacturers concerned with requirements 
pertaining to desired machine sequences and control 
safety features. Among these was the stipulation that 
circuits pertaining to specific machine functions be 
“packaged” as control system modules, and that these 
modules be positioned in the cabinet so as to be con- 
sistent with the location of machine stations. Require- 
ments pertaining to location of manual control stations. 
wiring practices, drawings and the numbering of elec 
trical components were also set up. It was required that 
an indicator lamp be provided for each input from pilot 
devices on the machine and each output. The use of 
single-pole relay amplifiers between static control and 
solenoid valves was approved. 

In the design of controls of this type, direct conversion 
from existing relay control is perhaps the simplest and 
quickest approach: however, it is not desirable from the 
standpoint of space conservation and economy of com- 
ponents. Machine tool control engineers found that de- 
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veloping the control from such information as a sequence 
of operations for the machine, a hydraulic circuit dia- 
gram, and a bar chart showing operation of pilot devices 
on the machine was a satisfactory method. 

The addition of indicating lights to the inputs and 
outputs facilitated the detecting of wiring mistakes within 
the control. It also helped to pinpoint troubles in the 
switches and other pilot devices. This problem occurred 
most acutely when coolant worked its way into static 
limit switches. The condition was magnified by the fact 
that the input transformers to the Cypak control systems 
have higher impedance than conventional control com- 
ponents. Consequently, high-impedance shorts to ground 
through the coolant were causing false operation of the 
control. Although this problem of false operation was 
solved by connecting resistors across the input terminals 
of the Cypak system, it did not completely eliminate the 
coolant and limit-switch problem. To do this, it was 
necessary to seal all limit switches and control devices 
on the machine with silicone and gasket cement. These 


precautions have resulted in a considerable reduction in 


down time required for maintenance. 

Roll-forming equipment is used extensively for the 
mass production of formed sections produced continu- 
ously from coiled strip material. Fundamentally, this 
process consists of cold forming by means of progressive 
pairs of roller-type dies. The formed parts are cut to 
production length by flying-type cutoff equipment which 
permits continuous operation of the line equipment. A 
programmed control for this roll-forming equipment was 
described by Charles W. Thomas of The McKay Machine 
0. 

An important consideration in the design of roll- 
forming equipment concerns the length of the part to be 
produced and the placement of any piercings or openings 
in the piece. Machine-design limitations have made it 
necessary that all parts produced be of a constant length 
or that any pierced openings be placed on a regularly re- 
peating cycle or pattern.-Previously the mechanisms to 
set the length of the parts and the placing of piercings 
were set by hand prior to placing the line in operation. 

In the new programmed control, a system of digital 
length-measuring equipment has been applied to enhance 
greatly the versatility of the process. The system centers 
around a measuring roll to which is attached a pulse 
generator which produces one electrical impulse for each 
desired unit of lineal measurement (Fig. 12). The pulse 
rate is usually on the order of 1 pulse per 0.01 in. An 
electrical counting device capable of counting rates of 
hundreds of thousands per second is preset to the antici- 
pated counting summation that represents the desired 
part length. The information regarding length is previ- 
ously entered into the system by the operator’s use of 
manual selector dials or pushbutton selector switches. 

Control of the speed and position of the actual cutting 
medium is provided by a drum-type cam with a machined 
groove and captive cam follower connected to the cut- 
ting unit or die set. The machined groove is designed to 
provide a period of constant acceleration followed by a 
period of constant velocity of die travel. Driving force 
is taken from a pinch roll unit driven by the formed 
section and connected through a clutch to the drum cam 
shaft. Engagement of this clutch is actuated by the 
numerical measuring system. 

The program control equipment consists basically of a 
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Fig. 12—Block diagram of digital measuring system used in 
control of roll-forming equipment. % 


storage register or a memory device having the ability to 
transfer its stored intelligence into the measuring system 
in a sequential manner at the proper cycle time. The 
input data may be entered either by hand or automatically 
by means of punched cards or punched tape. Figure 13 
shows the block diagram of an automatically controlled 
system. Punched cards are normally used for this system 
because information may be entered into the system at a 
faster rate than is possible with tape. A standard punched 
card can hold 88 bits of information and 150 cards can 
be read per minute. 

A recent development in the design of the numerical 


control system for the Fosmatic jig borer, originally 
was reported by C. R. Hibbard 
of the Fosdick Machine Tool Co. In a new application, 


described in these pages,* 


the standard telephone crossbar switch is being used as 
a buffer storage unit, for which use a patent has been 
applied for by Fosdick. Previously the storage of infor- 
mation for the Fosmatic system was accomplished in an 
array of sequential stepping switches. Capacity has been 
provided in the equipment for five crossbar switches to 
store ‘information for two axes of motion, spindle depth 
control, spindle head height, and automatic tool change. 
Actually, only the first two of these functions is essen- 
tial, the other switches being added for any of the various 
refinements desired. OOO 


*See “Automatic Positioning With Punched Tape 
April 1958, p 120 
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Pressure-Sensitive Electrical Tapes 


as Designed-In Components 


Effect of tape materials on application properties, especially corrosive- 


ness, is discussed. Application areas and test methods are summarized. 


W. M. HANSON 

Electrical Products Division 

Minnesota MIninG AND MANUFACTURING COMPANY 
St. Paul, Minn. 


To AID THE equipment design engineer in the evaluation 
and application of pressure-sensitive adhesive tapes, this 
review will discuss (a) tape construction (backings, ad- 
hesives, etc.); (b) properties; (c) preferred uses; and 
(d) test methods. As used here, the term “pressure- 
sensitive adhesive tapes” will apply only to electrical- 
grade tapes consisting of various flexible backings coated 
on only one side with a normally tacky and pressure- 
sensitive adhesive. 


Backing Materials 


Tape backings can be classified as follows: paper, 
cloth, film and combination materials. Present design 
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requirements for miniaturization and higher-temperature 
service make the earlier “workhorse” materials such as 
paper and cloth unsuitable, since they are too thick and 
their heat resistance is too low. A changeover to newer 
tapes such as polyester-base is therefore underway. 

Paper Tapes. Early versions of pressure-sensitive 
paper tapes were made of ordinary cellulose (paper 
fiber) saturated with a hygroscopic glue-glycerine solu- 
tion. The absorbed moisture provided tape flexibility. 
The sulfur and chlorides common in paper and rubber, 
however, caused corrosion in electrical equipment. 

The tendency of cellulose itself to be corrosive under 
certain conditions was still another problem. A new 
electrical-grade saturant was eventually developed to com- 
pletely embed and partially impregnate the fibers, thus 
segregating, as much as possible, the corrosion-causing 
elements in the tape. Quality paper electrical tapes are 
today further improved with special-property resins. 
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Flatback tapes made from a purified long-fiber rope 
stock exhibit high tensile strength of about 45 |b/in. 
width when impregnated. Crepe-paper backings made of 
high alpha cellulose purified kraft stock produce a tape 
with good resistance to edge tear. Crepe backings are 
used where greater conformance is needed. 

Cloth Tapes. Most cloth-base electrical tapes are still 
made with cotton, glass and cellulose-acetate fibers, al- 
though recently tapes using a nonwoven base of poly- 
ester fibers have come into widespread use. 

Cotton cloths are normally either bleached or dyed 
and later purified by washing. They contain a minimum 
of corrosive electrolytes, but are subject to cellulosic de- 
composition and will corrode wire under severe high 
humidity, extreme temperature conditions and electrical 
stress. They are generally restricted to use on No. 28 
gage or finer wire. 

Cellulose-acetate cloths are matle from electrical-grade 
cellulose-acetate filaments that have good temperature 
resistance. Since cellulose acetate is entirely non-cor- 
rosive and remains stable under high temperature and 
humidity, acetate-cloth tapes can be employed in contact 
with extremely small wires 
causing conditions. 

Glass-cloth tapes are made from an electrical grade 
glass cloth woven from continuous-filament glass fibers 
containing no free alkali. Such cloth is not subject to 
electrolytic decomposition and will withstand 
temperatures than acetate fibers. 

To provide a suitable dielectric barrier, resin or var- 
nish impregnation is used to fill the pinholes common 
to woven cloth backings. Impregnation may also be ap- 
plied after assembly. Impregnation, however, may impair 
some of the desirable properties of cloth tapes such as 
flexibility and conformance. Consequently many cloth 
tapes are used primarily for holding applications or 
where only slight insulation protection is needed. 


under severe corrosion- 


higher 
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Nonwoven (felt-like) cloth backing is the most sig- 
nificant new development in this class of tapes. The fibers 
run in a nonwoven, random pattern, which is then im- 
pregnated or coated with an insulating varnish, and 
treated with a pressure-sensitive adhesive. 

The nonwoven construction is believed to overcome 
many of the deficiencies of woven cloth tapes. The ran- 
dom fibers move freely within the coating as against the 
fixed motion of woven cloths. This results in less strain 
and rupture of the coating. There is therefore a greater 
retention of electrical properties under stress. For the 
same reasons, the nonwoven-type tapes stretch more 
easily without deformation; they are therefore more 
flexible and conformable. 

The nonwoven polyester tapes can be manufactured in 
both 105 C (Class A) and 130 C (Class B) temperature 
ranges, depending upon the coating or impregnant. The 
base fibers are a Class B material. 

Film Tapes. Films of high-melting, electrical-grade 
cellulose acetate are used with transparent or opaque 
noncorrosive adhesives. The films have a very high elec- 
tric strength (5000 volts in 3.5 mil calipers) and low 
conductance (less than 10 ~yumbhos after 48 hr at 96 per 
cent RH at 75 F). Acetate films retain most of their 
strength even when soaked in water. Their electrical 
properties remain stable over a wide range of humidity. 
The electrical purity of acetate tapes makes them ideal 
for use in fine-wire applications. With special adhesives 
they are used in applications requiring resistance to most 
solvents. The limited temperature range of acetate (Class 
105 C), however, imposes certain application limitations. 

Cellophane films (regenerated and plasticized cellu- 


lose) are literally held together by a hygroscopic plastici- 
zer. Practical experience has shown that cellophane. is 
exceptionally corrosive under high humidity and elec- 
trical stress. It can cause breakdown of electrical equip- 
ment in a very few days. As a result, cellophane tapes 
are rarely used and then only where corrosion is of no 
concern. 


Polyvinylchloride films represent one of the earliest 
“stretchable” plastics to be made iito tapes. Vinyl had de- 
veloped into many insulation uses such as wire insulation 
long before the successful manufacture of a suitable film 
in tape form. Originally, plasticizers commonly used in 
vinyl were found to migrate and attack ordinary ad- 
hesives and render them useless. PVC tapes were  ulti- 
mately developed with corrosion-free adhesives. 

Polyester (polyethylene terephthalate) films represent 
one of the newcomers. They offer excellent Class 130 € 
insulation and high chemical resistance. When used 
with a thermosetting adhesive, polyester film tapes rank 
among the highest in resistance to oils and solvents. 
Equipment expected to operate in splashed oil or in 
direct contact with insulating oils is frequently pro- 
tected with this type of tape. 

Polyester film tapes show considerable freedom from 
impurities, provided care is exercised in formulating 
sulfur- and chloride-free adhesives. Electric strength is 
6500 volts in 3.5 mil calipers. In physical strength the 
polyester films are among the strongest plastics films 
used in tapes. 


Higher-Temperature Tapes 


For some time the TFE fluorocarbon tapes were not 
available with a pressure-sensitive adhesive due to the 





Glass-cloth tape is used as insulation and holding tape on a 
Class B motor rotor. 


which made 
backing-to-adhesive bonds difficult. Recently, new prim- 
ing methods made possible the manufacture of pressure- 
sensitive TFE tapes suitable for 180 C (Class H) opera- 
tion. The tapes are usually coated with thermosetting 


non-wetting characteristics of the resin, 


silicone adhesives matching the temperature ranges of 
the tape backings. 

These tapes have a high tensile strength (30 lb/in. 
for a 3-mil film). low shrinkage at high temperature, 
complete resistance to moisture absorption, extremely 
high insulation resistance, high are resistance, and free- 
dom from tracking. They have an electric strength of 
7500 volts in a 3.5 mil film. The backings will withstand 
all chemicals except molten alkali metals and fluorine 
or chlorine trifluoride under high pressures and temper- 
atures. 

At high temperatures and under prolonged exposure 
at above 200 C, the backing-to-adhesive bond of TFE 
tapes begins to weaken. Above 250 C, toxic decom- 
position occurs. Electrical properties of the TFE tapes. 
however, remain good up to these temperature extremes. 

Rivaling TFE tapes in the higher temperature ranges 
are the unsupported silicone rubber tapes recently de- 
veloped. These tapes are capable of continuous operation 
at 180 C. They can operate for days or weeks at 250 C 
and withstand 300 C for several hours. Some physical 
strength decrease occurs at high temperatures. Prolonged 
exposure above 200 C weakens the backing-to-adhesive 
bond. Electrical properties remain good both at high- 
and low-temperature extremes. 


Composite Materials 


Pressure-sensitive Composite tapes are either film and 


fiber laminates or are constructed by coating or im- 
pregnating a fiber base material. Varnished cambric tapes 
and the varnished polyester web tapes (discussed under 


Cloth Tapes) would fall in this category, Other lam- 
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inations, such as polyester films and electrical grade 
kraft and fish papers, are not normally pressure-sensitive. 

For applications requiring high tensile strength and 
tear resistance, combinations of acetate films and rope 
paper or rayon-fiber filaments are employed. The paper 
or rayon filaments tend to increase corrosiveness com- 
pared to pure acetate film tapes. The composite tapes, 
however, are still better than paper or cotton tapes in 
this respect. 

Acetate cloth is sometimes used in conjunction with an 
acetate film to take advantage of the electrical properties 
of the film and the high tensile strength of the cloth. 
Such tapes provide important cushioning properties for 
lead pads and saddles. Care must be taken with acetate 
cloth to prevent electrolytic corrosion through sizing 
materials used in manufacturing the cloth. 

Polyester films are used in combination with non- 
woven polyester fiber mats as a completely compatible 
system to make tapes with superior tensile strength and 
cushioning ability. 

TFE films have been successfully laminated to glass- 
cloth backings to make an extremely tough, high-tensile- 
strength tape capable of Class 180 C 
temperatures. 


withstanding 


Silicone-rubber-impregnated glass-cloth tapes combine 
the heat-resistant characteristics and high tensile strength 


of the constituent materials. The silicone-rubber impreg- 


4 TFE tape is used to hold and insulate an electronic delay 
line. 


nant tends to support the glass fiber against breakage 
when the tape is flexed or bent. Even after complete de- 
composition due to accidental overheating, this tape leaves 
a deposit of noncarbonaceous, non-conducting ash. 


Adhesives 


If an adhesive contains corrosive contaminants or is 
susceptible to attack by solvents, it may nullify the prop- 
erties of the tape backings, no matter how excellent 
they may be. 

Sulfur-free, natural-rubber resin adhesives have been 
used for some time in electrical tape adhesives because 
of their non-hygroscopic, noncorrosive nature. These 
adhesives have an inherent electric strength of about 500 
vpm, a dielectric constant of about 5, a power factor 
of less than 0.01 at 60 cps, and a conductance of less 
than 20 ppmhos. They are capable of retaining their 
holding power for long periods under normal room 
conditions. However, they have become soft or pasty at 
elevated temperatures. 

Among various synthetic materials used to replace 
crude rubber in pressure-sensitive adhesives, polyisobu- 
tylene adhesives exhibit excellent aging qualities. Owing 
to a completely saturated structure, polyisobutylene is 
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not subject to atmospheric oxidations. Butadiene-styrene 
type rubber (Buna-S) is also used in pressure-sensitive 
adhesives. It can be combined with natural rubber to 
produce materials superior to natural-rubber adhesives. 

Generally, conventional rubber-resin adhesives are 
made of crude and synthetic rubbers combined with 
natural and synthetic “tackifying” resins. The formula- 
tion and the cure cycle are controlled to fit each type of 
backing. Only electrical-grade resins and binders should 
be used to prevent introduction of sulfur or other cor- 
rosion-producing material. 

Special rubber-resin adhesives are specially synthesized 
for compatibility with the tape backing and to obtain 
special properties such as heat resistance, solvent resist- 
ance or shear resistance not available in conventional 
materials. 

Thermosetting adhesive systems are compounded to 
perform all the conventional holding, protective and in- 
sulating functions of conventional thermoplastic adhes- 
ives. Tapes are available in many varieties, ranging 
from paper tapes to TFE and silicone rubber. 

The two most important advantages of thermosetting 
adhesives compared to thermoplastic adhesives are in- 
creased solvent resistance and better high-temperature 
operation. These properties are a result of increased 
cross-linkage during curing. Ordinary pressure-sensitive 
adhesives tend to soften in contact with many solvents: 
as a result, impregnants are contaminated. Moreover, 
cure of impregnants is inhibited and “wet spots” are 
formed. Thermosetting adhesives resist softening under 
high temperatures and do not tend to “throw out” in 
rotary equipment. The cured thermosetting adhesive us- 
ually retains some flexibility, thus reducing excessive 
strain on the tape bond. 

Newest member of the thermosetting adhesive family 
is a pressure-sensitive, thermosetting silicone adhesive for 
Class 180 C applications. After being cured, this adhesive 
may increase its adhesion five times over that in the un- 
cured state. At temperatures above 300 C the adhesive 
begins to decompose. The main decomposition product 


\ polyester-film tape straps and holds high-voltage lead on a 
distribution power transformer until the next layer of wire is 
applied. (Source of all illustrations: Minnesota Mining and 
Manufacturing Co.) 
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is silica. Electrical properties, however, are not seriously 
affected by partial decomposition of the long-chain sili- 
cone molecules. 


Applications 


Paper tapes are still used in large quantities in many 
holding and insulating applications. Their use with high- 
speed winding equipment makes for fast, simple fabrica- 
tion of multiple-wound magnet coils and low-temperature 
transformer coils. The flat-back tape is usually employed 
for this purpose because it is thinner than the crepe- 
backed tapes and adheres better to small copper wires. 
These tapes are furnished in black and yellow for easy 
identification of leads. 

On doughnut or toroid-type coils, crepe-back tapes 
are used to take advantage of their greater edge-tear 
resistance and better conformance around corners. They 
are also used as a pad or cushion against mechanical 
abrasion and cut-through. 

Cotton-cloth tapes are used in both coil and trans- 
former construction for insulating, holding and lead 
splicing. In motor construction they find wide usage as 
armature tape, filler and “shroud” between laminations 
and commutator windings and as insulation and buildup 
under the balance ring. The cotton cloth acquires pro- 
perties similar to varnished cambric after the varnish dip. 
Impregnation provides additional electric strength as 
well as increased physical protection. 

Acetate films and combinations are used where non- 
corrosiveness is important: splicing lead wire connec- 
tions, lead saddles and pads, strapping, coil covers, inter- 
layer insulation, slot edging and electrolytic capacitor 
construction. 

Where exceptional physical stress is encountered, it is 
sometimes necessary to use an acetate-film/cloth com- 
bination. To obtain a high Q factor, an acetate cloth 
tape may be used between windings or between primary 
and secondary insulation, as is frequently seen on tele- 
vision sweep coils, 

Polyester films are used in Class 130 C toroid coils, 
interlayer insulation, final layer insulation, coil covers. 
slot liners, slot edging, capacitor insulation and lead 
holding. One interesting application is an overwrap of 
polyester tape covering a paper capacitor with the ends 
protruding beyond the capacitor. The ends are then 
sealed with epoxy resin. These tapes are frequently used 
in transformers and other applications where high solvent 
and oil resistance is required. 

Glass-cloth tapes are widely used for splicing and 
holding applications because of their resistance to heat 
and their excellent physical properties. Applications in- 
clude coil and support-ring insulation, slot insulation re- 
inforcement, and armature coil insulation. Glass-cloth 
tapes serve well to insulate and hold electrical wiring in 
devices that generate high heat, such as waffle and flat 
irons, heat-sealing units and electric heaters. 

Vinyl tapes provide excellent protection when used as 
“spot-in-place” dielectric barriers. Applied rapidly, they 
can replace riveted or cemented-on fiber insulation in 
switch boxes, TV high-voltage cages and similar units. 
They provide extra protection from oil, water, grease, 
alkalies and other contaminants, and are used widely 
for wire harnessing, coil covers, insulation of various 
metallic components, junction box splices and insulation 
of appliance wiring. 
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TFE tapes are widely used in such Class 180 C ap- 
plications as harness-wrapping, coil, solenoid, transformer 
and relay insulation, delay lines, motors and other elec- 
trical components. 

Silicone-rubber and glass-cloth tapes are used for 
splicing reduced-diameter silicone-rubber cable, coil and 
support-ring insulation, armature-coil 
insulation in motors, and for holding and insulating jobs 
in coils, transformers, relay solenoids and similar units 
for operation at Class 180 C temperatures. 

Unsupported silicone-rubber tapes are used for splicing 
silicone-rubber cable, as a final wrap on stress cones, 
for insulating leads on large, dry-type transformers, and 
other outdoor applications where neither rubber nor 
plastics tapes meet temperature, corona or arc-resistance 


insulation, slot 


requirements. 


Testing 


New testing methods continue to develop as_per- 
formance requirements change or become more exact- 
ing. ASTM specification D 1000-57T, which covers most 
of the truly pressure-sensitive tapes, is currently avail- 
able. The following test methods of paper, cloth, acetate, 
polyester film and combination tapes are provided in 
ASTM D 1000-57T: length of tape in roll, thickness, 
breaking strength and elongation, dielectric breakdown, 
adhesion strength, storage stability, resistance to pen- 
etration, and indirect electrolytic corrosion. The newer 
specification, ASTM D 1000-58T, will include tests for 
thermosetting adhesives (called bond separation tests) 
and a solvent immersion test for thermosetting adhesive 
tapes. 

The bond separation test measures in minutes the 
time taken for the test samples to break an adhesive-to- 
adhesive and an adhesive-to-backing bond at 130 C. 
holding a 50-gm weight in a 2-in. loop at the lower end 
of a suspended 6-in. sample. 


Characteristics of 
Solid Tantalum Capacitors 


(Continued from page 77) 


small and are not considered significant. No “inter- 


mittents” were observed during the tests. This rugged- 
ness demonstrated by the solid tantalum capacitor is at- 
tributed to the construction design which rigidly ties 
the anode to the case in a block of solder and has the 
“high” tantalum lead weld reinforced by the hermetic 
seal eyelet. 

Six samples rated at 10 yf, 20 volts d-c were sub- 
jected to the corrosion, temperature and immersion, and 
moisture resistance tests in accordance with specification 
MIL-C-3965 which covers conventional tantalum capaci- 
tors. The solid tantalum capacitor style tested incor- 
porated a compression glass, hermetic seal at the “high” 
end and a completely enclosed, soldered, case-grounded 
lead. This design, based on the few tests performed, pro- 
vided a very satisfactory seal as evidenced by the test 
results. There was no significant change from initial 
values as a result of the climatic exposures. Also, there 
was no detectable penetration of a dye placed in the 
immersion bath. The finish of the case satisfactorily 
withstood the corrosion tests to which it was exposed. 
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The load is applied to some samples during the cure of 
the adhesive, and to others after cure (in which case 
a 500 gm, 1 kg, or 2 kg weight is applied to the cured 
loop) to measure the degree of thermosetting ability of 
a given tape, its holding strength after cure, and the 
affinity of the adhesive for the backing. The test is suit- 
able for product development, specification acceptance 
and service evaluation. 

The shear strength after solvent immersion test meas- 
ures the force required to separate a cured bond by 
shear after immersion in a typical varnish solvent. The 
test measures tensile load in pounds per inch width at 
bond failure. 

This test is a measure of the resistance of a cured 
tape adhesive to action of a specific solvent. This re- 
sistance can be measured in adhesive-to-adhesive bond or 
adhesive-to-backing bond. 

Work is being conducted currently in Section E, 
Subcommittee VII, ASTM D-9, on tests for storage 
stability, flagging, shear strength after fluid exposure 
(oil resistance), heat-aged electric strength, heat-aged 
adhesion, power factor and dielectric constant. 

Other committees are producing guides for the testing 
of all insulations, including tapes, in relation to each 
other under simulated operating environment. Work such 
as AIEE No. 1, No. 1-D, No. 1-E, No. 65, No. 510 and 
No. 511 offer procedures for testing materials in com- 
bination under simulated operating conditions. 

All committees working on electrical insulations are 
concerned with predicting high-temperature aging life of 
tape materials, how to test the effects of such aging, and 
how to rate the results. OOO 


Conclusion 

The solid-tantalum capacitor is justifiably a high-in- 
terest item which offers smaller size, greater stability, 
and, due to the absence of a wet or volatile electrolyte, 
a promising operating and storage life expectancy. How- 
ever, in this early production period, and with the ap- 
pearance of many new solid-tantalum capacitor manu- 
facturers, the enthusiasm for this item should be 
tempered somewhat by some of the findings of this re- 
port. 

e Suppliers should be carefully qualified to insure 
the use of controlled and proven items from experi- 
enced manufacturers. 

e Based on the life-test results, “preferred” voltage 
ratings should be limited to 30 volts d-c until satisfac- 
tory life is demonstrated with higher ratings. 

e During the early growth stages of manufacture of 
this new product, production tests should include a 250-— 
hr “burn-in” test with rated voltage applied at 85 C 
to weed out some of the catastrophic failures noted in 


this report. OoO0OO°O 
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Frequency Response and Transfer Functions 


The transfer function of a device is an algebraic expression of the ratio of the 


output to the input (the gain of the device) in concise form. It is developed, 


using Laplace operational techniques, from the 


device's frequency response. 


Transfer functions of devices are eventually used to determine the transfer 


function of the system of which they are a part. 
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Frequency Response Function of a Single Device. 

The transfer function of the transducer shown in Fig. 
25 will be derived first from the device’s frequency re- 
sponse function. This transducer has a known equation 
(also called characteristic equation) relating input to 
output. Notice that the characteristic equation is linear. 
Only devices with linear characteristic equations have 
transfer functions. This statement means that only devices 
that are composed of linear elements can be described 
exactly by transfer functions. Non-linear devices can 
only be approximated by transfer functions. 

In the derivation that follows, the transfer function 
will be assumed to be the gain under the condition that 
the input signal is a sinusoidal oscillation. In a succeed- 
ing article in this series, the transfer function concept 
will be applied to the case of non-sinusoidal input signals. 

The output voltage, v,, of the transducer and the input 
shaft rotation, x,,, are related by 
d? pn, » dv 


‘ an * a 


rT oO 
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If it is assumed that x, is a sinusoidal oscillation of 


amplitude A, and frequency », Eq (17) becomes 


dp dv 
1 +2 t 1. sin wl 18) 
de oe * 7 ( 


For Eq (18) to be satisfied, v, must be a sinusoid of 


frequency w»; however, v, may have a different amplitude 
and/or phase than x). 

It is necessary to digress at this point to show that 
the derivative of a sinusoid of frequency o with respect 
to time can be represented by jw times the sinusoid. 

This can be seen from the following progression. If 

Vo B sin (at + @) (19) 


then 


di 


i Bw cos (wl + >) Bw sin (wl + @ + 90°) (20) 
r 


Fig. 25—Block diagram of a transducer and its characteristic 


equation, 
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SUT Ut wh Hay 


and d’o Bo." sin (wt + @) 


dt Bw sin (wl t 


180°) (21) 


Therefore each differentiation of a sinusoid corresponds 
to a multiplication by w, the frequency in radians /second, 
and a phase shift of 90 deg. As discussed in the first 
article of this series, a phase shift of 90 deg can be 
represented as a multiplication by e/* = j.* Conse- 
querftly, Eqs (19), (20) and (21) can be written 

Ny B sin (wt + @) (22) 


dr, 


di JwoB sin (ol + ) 


d*», 


dt? (jw)* B sin (wl 4+ o) 


Substituting into Eq (18) yields: 


i( jw)? B sin (wl + ) + 2jwB sin (wl + ¢) 


+ B sin (wt + @) { sin wl 


from which 


: | 
A sin wl 


BB sin (ol + @) (jw)? + 2 jw) 


“1” AC jo)? + jw) + | 


Yo I 

Zin 4 jw)* + 2(jw) + | 
Each of the last three equations is an expression of the 
input-output relationship for the device of Fig. 25. The 
term 1/|4(jw)*+2(jo)+1] is called the “frequency 
response function.” Equations (26) and (27) state that 
the output oscillation is the input oscillation times the 
frequency response function. Notice that the frequency 
response function is a complex at any frequency and 
therefore has magnitude and phase. Equation (28) states 


*To be exact, this statement requires that the sinusoid be a complex quantity 
or that the sinusoid be considered consistently as either the real or the im 
aginary part of a complex quantity 


Frequency response 
Fig. 26—Transfer function of a constant, K. 
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that the output/input ratio or gain can be expressed 
as a complex number ratio called the frequency response 
function. Keep in mind, however, that the frequency 
response function is the gain of the device of Fig. 25 
only if the input is a sinusoid and all starting (initial) 
transients have died down. 

Transfer Function of a Device. “Transfer function” 
will now be defined and related to frequency response 
function. 

Starting again with Fig. 25 and Eq (17): 

d? v, 9 dv, 


' de ~ dit 


4 


The Laplace transform of this equation is: 

ip? VV, + 2p V. + V \ 
where 

V. = L(.) and Xin L (vin) 
if all initial conditions are assumed to be zero. Since the 
Laplace transform is an algebraic quantity, Eq (29) can 
be rewritten as: 

Vv. ] 


30 
Xin ip? +2p+1 (30) 


which states that the Laplace transforms of the output 
and input are related by 1/(4p?+-2p+-1). Since the alge- 
braic quantity is a function of the gain of the device 
and essentially describes what happens as the signal is 
transferred from input to output, it is called the “transfer 
function” of the device. Notice that the transfer function 
is determined solely by the characteristic equation of a 
device and is not affected by input signal or by initial 
conditions. The transfer function is a function of p, the 
Laplace transform variable, and is a “shorthand” form 
for the characteristic equation of a linear device. 

The comparison of Eqs (30) and (28) shows that the 
frequency response function is the special case of the 
transfer function where p jw. Since the transfer func- 
tion is a complex function of p, the frequency response 
function corresponds to the evaluation of the transfer 
function at points on the imaginary axis in the p plane. 
This is perhaps not too surprising since the poles of the 
Laplace transform of sinusoidal oscillations of steady 
amplitude are located on the imaginary axis in the p 
plane. 


Frequency response Step response 


Fig. 27—Characteristics of the transfer function of a device 
whose output is the first derivative. 
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The following example is presented partly as a review 
exercise. If a device has an input-output relationship 
given by 

d*v, d’r, 


: dé’ +s ae “ a8) 


where v,= output in volts and u;,—= input displacement 


in centimeters, it has a transfer function of 


4p® + 8p? (32) 


and a frequency response of 


Aja? — Bu? 


(33) 


So that, for example, the gain at 6.28 cps (2 rad/sec) 
is given by 


34 
—32j —32 GH) 


or a gain of 0.0221 volts/cm at a phase shift of 225 deg 
(or —135 deg). 

To summarize, the characteristic equation between 
input and output can be used to derive the transfer func- 
tion by substituting p for d/dt and the frequency re- 
sponse follows by the substitution of jw for p. The transfer 
function is a function of a device and is not the response 
to any particular input.* 

Transfer functions have dimensions that are the ratio 
of output units to input units as shown in the above 
example where the transfer function had the units of 
volts per centimeter. There is a slight error in this 
statement, for the operator p itself has dimensions of 
(time)—!'. As a result, the time dimension of a transfer 
function can be considered to be different at different 
frequencies. An example of this feature will be seen in 
the next section. 

Basic Transfer Functions. There are certain transfer 
functions that occur often in servo design and form a 
basic group necessary for the understanding of transfer 
function design methods. These will be discussed from 
several aspects to serve as a foundation for later design 
technique discussions. 


requency response Step response 


Fig. 28—Characteristics of the transfer function of an inte- 
grator (1/p). 
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As shown in Fig. 26, A, a constant, is the transfer 
function of a device whose output is proportional to its 
input at all frequencies. A gear box or an electrical ampli- 
fier has this transfer function. If K is less than one, the 
device is an attenuator. This transfer function has no 
poles or zeros anywhere in the p plane, its frequency 


response is a point on the real axis and its step response 
(output for a step input) is a scaled-up or scaled-down 
copy of the input. Notice that the frequency response 
is a single point, K, and there is no phase shift at any 
frequency, w. If K is a negative number, the sign of the 
output is reversed and the frequency response becomes 
a point at “x” 
of Fig. 20. 

The transfer function of an ideal device whose output 
is proportional to the first time derivative of the input is 
p. Fig. 27 shows the characteristics of such a transfer 
function. If the input is a sinusoid, the steady-state out- 
put amplitude is proportional to frequency at a constant 
phase shift of 90 deg. The arrow on the frequency re- 
sponse of Fig. 27 indicates the direction of increasing 
frequency, ». Indicated in Fig. 27 are the locations of 
poles and zeros of the transfer function on the p plane. 
There is a zero (0) at the origin and a pole (x) at |p|=« 
as indicated in the little box in the pole and zero plot of 
Fig. 27. Since the output is the first time derivative of the 
input, the response to a step input is a sharp spike of 
infinite height at the initiation of the input step. 

The step response statement above can be checked by 
Laplace operational calculus. The equation of a differen- 
tiator is: 


on the real axis of the frequency response 


du), 


dl ») 


where u, and u,, are the output and input respectively. 
The Laplace transform of Eq (35) gives: 


L, (ut) pL (aja) 36) 


and if uj, is a unit step input, 


L (jin) 


n will be discussed later in the article 


p plane 


Poles and zeros 


Input 


Frequency response Step response 


Fig. 29--Transfer function of a simple lag cireuit [1/ (Tp 
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so that by substituting Eq (37) into Eq (36), it follows 
that 

J a 
p > (38) 
Therefore yp, is an impulse! Notice that the Laplace 
transform of the output is the product of the Laplace 
transform of the input and the system transfer function. 


lL. (u,) 


An ideal integrating device has a transfer function 
of the form 1/p. In this case the output is the time inte- 
gral of the input. As Fig. 28 shows, this transfer function 
has a pole at the origin and a zero at |p *. The fre- 
quency response has a gain that decreases with increasing 
90 deg. The 
response to a unit step is a ramp. Motors can be approxi- 
mated by the transfer function K (1/p) in many applica- 


frequency and a constant phase shift of 


tions. 

Perhaps the most common transfer function is the one 
shown in Fig. 29, 1/(Tp+1), which is the usual ap- 
proximation for many instruments. Called a “simple lag.” 
its main mathematical features are shown in Fig. 29. 
1/T and a zero if |p| = ~. 
at low frequencies 


There is a pole at p 
The frequency response starts at “1” 
and decreases in magnitude as frequency increases, at the 
same time gradually developing a phase shift of —90 
deg. The time constant, 7’, is the projected time for the 
output to reach final value if it were to continue at its 
original rate when an input step is applied. A comparison 
of the pole location and the step response shows that the 
smaller the value of 7’, the farther the pole is to the left 
and the more rapid the response will be to a sudden 
change in input. This correlation between pole location 
and time response was discussed in the previous article 
of this series. 

The transfer function of Fig. 30, Tp/(Tp+-1) is called 
a “simple lead” and is a good approximation to the 
transfer function of a tachometer or a speed control. The 
simple lead can be thought of as the transfer function 
of a differentiator modified by an instrument lag. The 
gain is zero at zero frequency and rises to unity at high 
frequencies. The phase shift is from 
The same relationship exists between 7, 


t-90 deg to zero. 
the location of 
the pole, and the steepness of the step response as exists 
in the case of the simple lag. 

A more complex transfer function is the “second order” 
transfer function 


t 


Wn Wy 
shown in Fig. 31. This is the transfer function of an ele- 
mentary servomechanism or of a damped spring coupling 
and has two poles in the p plane which are complex con- 
jugates in most cases. In the p-plane diagram, , is the 
oscillation in 
the step response and @ is the angle whose cosine is 8, 


approximate frequency of the decreasing 


the damping factor. The larger the value of 4, the smaller 
the amount of overshoot in the step response and the 
smaller the angle @ in the diagram of p-plane pole loca- 
tions. The frequency response has a phase shift of 0 to 

180 deg and a magnitude that peaks up at a frequency 
of w,. This will be shown more clearly in a later section. 

If the damping ratio, 4, of the second order transfer 
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p plane 


and zeros 


Frequency response Step response 


Fig. 30—Transfer function of a simple lead circuit [Tp/(Tp 
+ 1)]. 


function exceeds unity, then both poles lie on the nega- 
tive real axis and there is no overshoot or ringing in the 
step response. Values of 8 less than, equal to and greater 
than unity are called underdamped, critical damped and 
over-damped, respectively. 

The last of the basic transfer functions is shown in 
Fig. 32. This is the “finite delay” transfer function which 
is also called “transport delay.” The output is the same 
as the input in form but is delayed by 7 seconds. The 
form of the transfer function, e~'?, suggests why this 
is so. At each frequency, the response has unity gain 
and a phase lag proportional to the frequency. This causes 
a finite delay in any input signal. The frequency response 
circles around endlessly as frequency is increased and 
only part of the circle has been drawn in order to avoid 
an otherwise confusing picture. A sonic delay line and 
a magnetic recorder with read-out a short distance down 
the tape from read-in have this transfer function. Notice 
that e * in the left-hand p plane, 
and a zero at |p {co in the right-hand p plane. 

The time dimensional units of a transfer function are 
often a function of frequency. For example, a simple lag 
device whose transfer function is 3/(4p-+-1) will have 
the characteristics of (3/4p) at high frequencies and 
(3) at low frequencies. This means that at low frequen- 
cies it acts as a gear ratio and at high frequencies it acts 


"? has a pole at |p 


as an integrator. In order to avoid confusion, the dimen- 
sions of transfer functions are usually given as if the 
device has no integrating or differentiating qualities and 
the transfer function itself indicates the time dimension 
shift through the device because p has the dimension of 
(1/time). 

Examples of Transfer-Function Derivation. A few 
examples will be given to illustrate how the transfer 
function of a known or proposed piece of hardware is 
derived from the device’s physical characteristics. It 
should be kept in mind that all transfer functions are 
both linear and approximate. An exact transfer function 
is non-existent for most devices. The “best” transfer func- 
tion is a usable compromise between exactness and sim- 
plicity. 

The hydraulic cylinder of Fig. 33 has an output dis- 
placement, x,, that is a function of the input flow rate, 
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Fig. 31—A second-order transfer function. 


dine If din is cubic centimeters per second and x, is in 
centimeters, the transfer function L(x, ) L(qin) will be 
in units of seconds per square centimeter. The total vol- 
ume flow in a unit time, At, can be stated as qj,At cubic 
centimeters, which must equal the volume change within 
the cylinder of Ax, times the area of the cylinder, d?/4z, 
where d is the cylinder diameter in centimeters. Equating 
these two expressions of fluid volume change gives: 
Geli a te wo @ (39) 


Ir 


Af, Indin 
Al ad? 


and in the limit as At>0, 


dr, Arqin 
dl ad? 


from which 


Ac 

pL(ro) ad L (qin) 
giving the transfer function 

L(x.) Air 

L(qin) dp 
the characteristic of an integrator! Notice that d,, the 
size of the supply pipe, did not enter into the calculation. 
Neither did the size of the orifice: however, the next 
example behaves differently. 


sec per sq em (43) 


Figure 34 shows a pressure transducer that consists 
of a bellows assembly held in a frame. The purpose of 
this device is to convert a pressure, Rj,, into a displace- 
ment. In the inlet line to the bellows is an orifice such 
that the flow into the bellows is approximately 

flow = Kk, (Rin Rr) (14) 
where R,,, and R, are gage pressures and K, is a con- 
stant with dimensional units of weight flow per unit 
pressure. In this device the volume, Vp, in the bellows 
is approximately proportional to bellows pressure, Rp. 
Therefore, since volume is proportional to total or inte- 
grated flow. 


Ve f flow dl fx (Ri, — Rp) dl (45) 
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Fig. 32—A finite-delay transfer function, e 


Fig. 33—-Schematic of a hydraulic cylinder showing input and 
output. 
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Fig. 34 


Pressure transducer consisting of a bellows assembly. 


but Ve = K2 Rp 
so that 


hk. Rp fA (R,, ~ Rp) dl (17) 


The output displacement, x,, is proportional to bellows 
pressure, Rp, so that 


r Ky, lt, 
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or Rp = 2./K; 


Combining Eqs (47) and (48) yields: 


Ki 7./K ae (x,/K;)] al 


The Laplace transform of Eq (49) is: 


K 1K 


- 5 
k >K I(x.) (50) 


, L(x.) K VAR,,) 


which, when rewritten in transfer function form, be- 
comes: 
I 
LAr.) p Ki kK 
LAR.) kK lA A 
KK; ° pK K,! 


Gl) 


which is the transfer function of a simple lag device. In 
the above derivation some of the approximations assumed 
were: .linear bellows, isothermal expansion in the bel- 
lows, linear orifice action and no loss in the input lines. 
This is a good example of the usual state of affairs that 
a transfer function is an approximation of a device's 
performance. Notice that the effect of each constant of 
the device on the transfer function is readily seen in Eq 
(51). 

Another example of a transfer function may be found 
in the tachometer of Fig. 35. Here an input shaft rota- 
tion, s;,, causes the magnet to spin, inducing a voltage, F, 
in the fixed coil. Voltage E causes current to flow through 
diode D, output resistance R and the coil itself. The in- 
ductance of the coil is Y. Of interest in this case is the 
transfer function from input shaft, s;,, to output voltage. 
v,. The induced voltage E is proportional to the speed 
of the shaft, ds;,,/dt (the exact constant depends on the 
strength of the magnet, the dimensions of the magnet 
gap and the number of turns in the coil), giving 

bk K, ds;,,/dl (52) 
Assuming that the diode perfectly converts the alternat- 
ing voltage, E, into an equivalent direct voltage, E,, 
bk Kok (53) 
the current in the loop is related to loop voltage by 
E, Ydi/di + iR (51) 
under the assumption that the diode has negligible re- 
sistance when conducting. The output voltage, v,, is 
given by Ohm’s law as: 
vr, iR (55) 
Combining Eqs (52) through (55) yields: 


ds, Y dv, , 1 


Ky dl RKe dl ra 


which, when Laplace transformed, becomes: 


L{n,) 


Ky pis) : pL({r,) 4 
, A 


Rk 
or, in transfer function form 


L(»,) K, Kop 
LAsin) ) 
R 

which is the simple lead transfer function. 
The derivation of the transfer function of an electric 
motor with an inertia load geared to the motor is an 
interesting problem. Although an electric motor will be 
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Fig. 35—-Schematic of a tachometer generator. 


used as an example, the form of the transfer function to 
be derived is typical of most motors using other forms 
of energy. The motor and load are shown in diagram 
form in Fig. 36 along with the motor speed-torque 
curve.” The speed-torque curve will be discussed first. At 
zero speed (motor stall) the motor output torque is pro- 
portional to the input voltage, vj,. This torque is indi- 
cated as “stall torque” in Fig. 36 for the case of v;,—60 
volts. The output motor torque is different from the stall 
torque by a “viscous drag torque” that is proportional 
to speed. The “viscous drag torque” is so named because 
its effect is directly proportional to speed just like a 
viscous damper (such as an auto shock absorber). Actu- 
ally, the viscous drag torque in an electric motor is due 
to the “back emf” or voltage induced within the motor 
(due to the effect of shaft rotation) that opposes the 
input, v;,. Expressing the previous statements in equa- 
tion form: 


Tm Ki vin — Ke a (59) 


where u,, is motor shaft displacement, 7',, is motor output 
torque and K, and K, are constants. 

The motor torque accelerates the total rotary inertia 
on the motor shaft. This total rotary inertia is the sum of 
Jm,; the motor shaft inertia, and the inertia equivalent to 
J,, the load inertia, when reflected to the motor shaft. 
This equivalent inertia is n*J,, where n is the gear ratio 
or number of teeth on the motor shaft gear divided by 


* The speed-torque curve shown is an idealized case that is fairly realistic for 


most servo motors 


Fig. 36 Schematic and speed-torque curves for an electric 
motor with geared load. 
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the number of teeth on the load shaft (u,) gear. The total 
rotary inertia, J, on the motor shaft is then: 
J =JIn + nt (60) 
The motor output torque accelerates the total rotary 
inertia (according to classical dynamics) by the rela- 
tionship: 
du, 


fan = J de (61) 


Combining Eqs (59), (60) and (61) yields: 


dau, du, 
: K, vin K,;—— 


J df a 


The Laplace transform of Eq (62) is 
Jp*L(u,) K, L(vin) — Ke pL(u,) 
from which the transfer function is: 


Ln) 1 K,/K:2 
Livin) p a 


I 
Ky P* 


Clad and Laminated Metals— 
Their Design Potentials 


(Continued from page 83) 


rod is cold drawn to the finish diameter. In either method, 
high electrical conductivity is provided by the core mate- 
rial while the outer metal provides protection against 
environmental conditions. 

Copper, due to its high electrical conductivity, is nor- 
mally selected as the core material. For applications 
where a lower temperature coefficient of resistivity is re- 
quired, copper-base alloys can be used. However, this is 
done at the sacrifice of conductivity. 

Several composite wires are now available for opera- 
tion at ultra-high temperatures. Three such materials are 
Kulgrid, Oxalloy and Inconel-clad copper. The first is a 
28 per cent nickel-clad OFHC copper wire, the second 
is a 28 per cent stainless-steel-clad OFHC copper wire. 
Figure 8 shows 500-hr life tests on each of the above 
three conductors. At the specified temperature, each shows 
little change in conductivity throughout the test. 

Bronze-Clad Copper. The combination of phosphor 
bronze and copper provides a clad metal offering high 
conductivity and excellent spring properties. The phos- 
phor bronze enables the material to retain its elasticity 
at higher operating temperatures than some of the other 
metals used for spring applications. Also, smaller units 
can be achieved because spring size can be reduced with- 
out sacrificing conductivity. 

Phosphor bronze-clad copper has its greatest value in 
marginal applications where space limitations make it 
desirable to increase the electrical or thermal conduc- 
tivity of the spring member without increasing its cross- 
sectional area. In turn, for any given conductivity, con- 
version to this material allows a reduction in the cross- 
sectional area of the spring, resulting in savings in mate- 
rial and space. Flat spring blades for switches, rheostats, 
and electrical meters are typical applications. 

Stainless Steel. While stainless steel has excellent 
resistance to corrosion, its heat conductivity is low in 
relation to copper. Copper, on the other hand, has ex- 
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Notice that the transfer function of the motor and load 
clearly indicates that the motor is an integrator (1/p) 
which is modified by a simple lag characteristic and that 
the lag time constant is a function of K, but does not 
depend on K,. 

The transfer function notation L(u,,)~—L (v,) is 
somewhat cumbersome and so it is common to write 
U,,/V in, depending on the existence of a function of p 
instead of ¢ to indicate that the transfer function is not 
an ordinary time relationship. Some texts use capital 
letters for Laplace transforms and small letters for time 
functions. The same notation system will be used in this 
series of articles. O00 

- NOTE 

Next month will bring the fourth installment in this series 

of articles on Automatic Control System Design. It will cover 

Design by Transfer Function. After publication of the final 


| article, the entire series will be made available in Special 
Reprint form. 


cellent heat-transfer properties, but it is not outstanding in 
its resistance to corrosion at elevated temperatures. By 
combining the properties of these metals in a composite 
metal, applications requiring high heat-transfer properties 
can take advantage of copper’s heat conductivity and 
stainless steel’s corrosion resistance and strength. Where 
heat corrosion can affect solid stainless locally because 


of “hot spots,” stainless-steel-clad copper may give su- 


perior performance because of its high lateral heat con- 
ductivity, which helps eliminate localized heating. OOO 
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Analog Positioning 
System Offers 
Flexible Machine 
Programming 


rr. W. ROBERTS 

Systems Engineer 

CDC Contror Services, Inc. 
Hatboro, Pennsylvania 


TWO TERMS THAT SEEM at opposite 
“automa- 
tion.” The savings in time and money 
that automation produces are usually 
lost when 


poles are “short runs” and 


machine runs are short, 
resulting in disproportionate downtime 
machinery 
is programmed for the next operation. 


while expensive automatic 


Considerable progress is now being 
made by equipment designers devel- 
oping machines which are easily and 
flexible 


quickly set up, enough to 


Fig. 1 


Master console of the new point-to-point positioning 
system with simple dial-set analog control, developed by CDC 


handle a variety of assignments, and 
sufficiently economical to justify the 
changeover from semi- to fully-auto- 
matic operation. 

One of the newest devices of this 
kind is an electrohydraulic analog posi- 
tioning system which can be used to 
punch- 


program machines for drilling, 


ing, pressing, forming, packaging, 


stamping, welding and coil winding. 
Called a “point to point” system, it is a 
departure from conventional automa- 
tion equipment in that it uses analog 
feedback controls rather than digital 
techniques. The system is programmed 
simply by setting dials on a master 
The dials are graduated 
directly in terms of the actual operation 


console, Fig. 


(such as position, dimension, and num- 
ber of coil turns), rather than in a 
code, Fig. 2. While 


punched cards are not necessary for 


digital tapes or 


the basic input commands, the position- 
ing system can. ‘if desired. be operated 


by such digital inputs feeding into an 


SERVO 
AMPLIFIER 


Control Services. Designed primarily for programming short 


runs of machines for punching, drilling, 
sequential operations, the system 


similar 


coil-winding and 
offers a distinct 


time-saving advantage by its use of direct and uncoded pro- 


gramming for repetitive and symmetrical machine motion pat- Fig. 2 
terns. For example, a set-up involving five different dimensions 
can be programmed by 
Variations in dimension or se- 
quence can be introduced immediately and directly by resetting 


and three different repeat commands 
setting eight adjustment dials. 


system console. 


& O8e” 


random, 
petitive instructions are required. The 
logic circuitry is simple because both 
input signals and feedback data literal- 
ly “speak the same language” . . . both 


analog encoder when non-re- 


are voltages. 

Since programming is a matter of 
setting dials, the point-to-point system 
is quickly set up and changed. The 
programming can be easily handled by 
persons who have no extensive training 
in automatic machinery. 

Assumed limitations of analog sys- 
tems in the past were due principally 
to lack of intensive experience in this 
form of systems engineering and limited 
performance capabilities of the com- 
ponents. This is no longer the case. 
Many analog positioning systems have 
been in regular service for as long as 
five years, meeting the performance 
specifications set forth in this article. 

When the system is in operation, 
command signals from the programmer 
are fed to each axis simultaneously by 
servo amplifiers and controllers. Each 
amplifier compares the command signal 
with a position signal from a rugged 
servo potentiometer, one of which is 


located on each axis. Any error signal 


SERVO 
AMPLIFIER 


Go 


SET DIALS FOR SET DIALS FOR DIMENSION 
NUMBER OF TURNS CDondt 8 

con NO. ! Cou NO. | 

Cou NO 2 con NO 2 

Con NO. 3 COU NO. 3 


A typical application of the analog positioning system, 
to operate a high-speed coil winder to produce three different 
motor windings with a single set-up. Coil dimensions and num- 
bers of turns are established by setting eight dials on the 
The dials control electrohydraulic servo sys- 


dials. The system is also available for random-instruction; i.e., tems that position coil-winding machinery and operate the 
machine head that winds the coils. 


non-repetitive programming. 
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Fig. 3—Automatic electrohydraulic positioning system for a 
powdered-metal press is shown here in a simplified schematic. 
During automatic operation, feed shoe advances over lower 
punch and drops powdered metal into die. The shoe retracts, 
compression stroke of upper and lower punches follows, and 
finished part is ejected, initiating next cycle. System is unusual 
in that the velocity as well as the final position of the upper 
and lower punches are controlled. Velocity control is extremely 
important since pressure developed by advancing punches must 
increase uniformly to insure a properly molded part. 

The single-cylinder upper punch and lower punch are acto- 
ated by servo valves SEV-U and SEV-L which in turn are con- 
trolled by servo amplifiers SEA-U and SEA-L. Potentiometers 
UV and LV provide velocity command signals, and UP and 
LP yield final-position signals to their respective amplifiers. 


that results is directed to an electro- 


hydraulic servo valve which in turn 


a substantial margin. The accumulator 


Limit switches Sump 


O-(_] Tripped near ram return 
SC] Safety interlock 


O-(] Slowdown position 
O-(] Tripped on Ru lowering 


toward die close off Cylinder A 


o—(] Ejection limit switch 


OO Tripped when Rg and Rp are rising 
between fill & compression positions 


oT 


Tripped when Rag and Rp are lowering 
between fill & underfill. Dropped out on 
compression stroke 


Legend 
—--—-— Electrical 


—-e— Hydraulic 


SMASAAASASASSASAAS AS 


N 


SEV 
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There is no interaction between final position and velocity 
settings. The amplifiers in turn furnish ramp function command 
signals to the servo valves during the compression stroke. 
Punch-position detectors PPD-U and PPD-L null out the com- 
mand signals from the servo amplifiers when the punches 
achieve full compression. A time-delay unit permits the upper 
punch to raise clear before the lower punch ejects the finished 
part. Advancement and retraction of the feed shoe is accom- 
plished by solenoid valves SV-1 and SV-2 which port oil to 
cylinder A. This operation uses limit switches to reverse the 
direction of the shoe rather than continuous feedback circuitry. 

Hydraulic pressure of 3000 psi is furnished by a pump with 
an accumulator supplying peak reserve power when necessary. 
Also located on the control console are potentiometers which 
furnish “die-close-off’ and “fill” signals to the system. 


lengths may be accommodated by using 


rotary hydraulic motors for actuation. 


ports oil to a hydraulic cylinder until 
the error signal is reduced to zero. 
Necessary operating power is produced 
by a hydraulic pump and accumulator. 

By using an accumulator as an 
energy reserve, the system is capable 
of developing very large force outputs 
for the short periods when peak power 
is needed. Fifty times normal horse- 
power can be exerted for short inter- 
greatly reducing overall 
requirements. Thus the system is able 
to operate continuously at high speed, 


vals, power! 


even though the power demand _per- 
iodically exceeds the nominal rating by 
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also prevents surging during high-speed 
and 
backlash problems. Both expensive pre- 
cision lead-screws and servo motors are 


operation eliminates lead-screw 


eliminated. 

The system is capable of speeds of 
from 0.1 to 1 see for a complete posi- 
tioning action. The frequency response 
of the actuators themselves is essential- 
ly flat to better than 10 eps. Positional 
accuracy is one part in 1000, with very 
knob 
setting of rest and stroke position for 
longitudinal and transverse axis move- 
ments. Stroke lengths up to 48 in. are 
presently Much 


high position adjustability by 


available. greater 


The system ¢an be furnished in either 
a one-axis or multi-axis form. In Fig. 
3-are showy the hydraulic and elee 
trical circuits for the application of the 
system to the operation-sequence and 
positioning control of a powdered-metal 
press. 

While the 


system offers substantial cost and main- 


“point-to-point” analog 


tenance advantages over digital tech- 


niques, system costs do increase as 
speed and accuracy 
For 
accuracy of one part in 1000 is for a 


normal system that should fulfill most 


requirements in- 


crease, example, the positioning 
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requirements, It is also possible to 
build an analog positioning system that 
will operate dependably and _ provide 
a positioning accuracy of one part in 
10,000 at a somewhat greater cost. The 
same is true of providing higher posi- 
tioning speed. Figure 4 indicates the 
general relation between increased ac- 
curacy of a system and its cost. 

Because of its high resolution and 
inherent proportioning action, the elec- 
trohydraulic design concept produces 
an essentially “hard” system which ap- 
proaches and attains position in an 
almost “dead-beat” manner. For ex- 
ample, a movement of only 1% in. can 
be accomplished in less than 14 sec 
with no overshoot or oscillation. 

The high performance and reliability 
of the system is in part the result of 
the use of proven off-the-shelf hard- 
ware. Difficult-to-maintain digital shaft 
position encoders are not used. The 
electrohydraulic 
used have been widely employed by the 
model 
positioning, dynamic structural testing 
of airframes, and similar general in- 
dustrial and military system applica- 
tions. ; 

The entire positioning system is built 


positioning devices 


manufacturer in wind-tunnel 


on a unit basis. Since the circuits are 
of the simplified analog type and the 
hydraulic system is rugged and _ re- 
liable, both initial and maintenance 
costs are relatively low. The system 
makes automatic positioning feasible 
for many applications 
elaborate systems are ruled out because 
om em e) 


where more 


of higher cost. 


Accurac y jO00L 


/ 
curacy = 7000 











10 O 


Time per basic motion, sec 


Fig. 4-The curves show the general na- 
ture of the relationship of system speed 
and accuracy and cost. It is often possible 
to sacrifice either speed or accuracy to 
reduce system costs. The technique of 
applying the positioning system to the 
controlled equipment will often permit 
obtaining the same end result without 
applying extremely rigid specifications 
to the system performance. 
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Soldered Connections 
for Elevated- 
Temperature Operation 


G. L. BRANCH and R. Y. SCAPPLE 


Systems Development Laboratories 
}iucues Aincrarr COMPANY 


Culver City, California 


OPERATION UNDER difficult environ- 
mental conditions will dictate materials 
specifications for weapons systems of 
the future. The most severe of these 
conditions as far as soldered connec- 
tions are concerned include increased 
elevated temperature requirements, hu- 
midity exposure for extended periods 
at high temperature, and the standard 
salt-spray exposure. Since most of the 
soldered connections used in a weapons 
system involve electronic and electro- 
mechanical components, it is impera- 
tive that the soldering operation and 
the resulting flux residue be non-dam- 
aging to the components under all 
operating conditions, 

With the exception of tin-lead solders 
having low'‘tin content (less than 19 
per cent), all tin-lead solders begin to 
melt at the eutectic temperature of 
361 F. For most applications, 300 F 
would be considered the maximum 
operating temperature. Since demands 
already exist for soldered connections 
to function at 400 F to 500 F, it is 
apparent that a high-temperature solder 
and flux capable of withstanding severe 
environmental requirements must be 
used. As a result of this investigation, 
Hughes Aircraft Co. has determined 
that such a solder is readily available 
and may be purchased to conform to 
a standard Government Specification 
(QQ-S-571, Ag 1.5). 

In addition to selecting a suitable 
solder alloy and flux, it was necessary 
to determine a suitable soldering tech- 
nique to be used with the high-temper- 
ature solder. In general, the convention- 
al soldering iron used for electronic 
component assembly is not capable of 
generating sufficient heat to melt the 
high-temperature solders. A larger iron, 
although capable of generating sufficient 
heat, would be impractical in the elec- 
tronics industry where miniaturization 
is continually decreasing the accessibil- 
ity of components. A soldering tech- 
nique that was determined to be ideal 
for the application was that of resist- 
ance soldering. 

Resistance soldering has numerous 
advantages: the heating electrodes re- 
quire little space and are therefore 
suitable for miniaturized components 
and areas having limited accessibility; 
the heating is localized and rapid, thus 
minimizing the amount of heat that will 
be conducted into the component: and 
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ties of Ag 1.5 bulk solder alloy. 


finally, sufficiently high temperature 
can be easily and reproducibly achieved. 
In addition to choosing a suitable 
solder alloy and soldering technique, 
it was necessary to determine the type 
of plated surface or surfaces that of- 
fered the required combination of good 
solderability and resistance to degrada- 
tion by the imposed environments. It 
was determined that copper conductor 
wires clad with either silver or nickel 
(silver for the lower temperatures and 
nickel for the higher temperatures) met 
these requirements. In addition, a gold 
plate deposited over a nickel plate or 
a rhodium plate deposited over a silver 
plate were found to be suitable for 
elevated-temperature applications. Of 
primary importance in considering these 
various platings and base materials 
was the effect of heat aging for ex- 
tended periods of time at elevated 
temperature. The extent of metallic 
diffusion between the base metal and 
the platings and between the platings 
themselves was one criterion used for 
determining the suitability of platings 
for elevated-temperature application. 
Typical solder applications presently 
incorporated in airborne weapons sys- 
tem design include connector pins, 
stand-off and feed-through terminals, 
wire-to-wire joints, specialized compo- 
nent applications utilizing the mechan- 
ical strength of the solder alloy, and 
other items of electronic hardware. 


Choice of Materials 

Surface plating schedules for pin 
contacts and terminals are diversified, 
and different preferences are expressed 
between various manufacturers. Repre- 
sentative pin contacts with various 
plating schedules and thicknesses of 
deposit were procured from several 
connector manufacturers to evaluate 
their soldering characteristics and de- 
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termine applicability for specific en- 
vironmental requirements. 


The 


were 


which 
for the 
400-500 F temperature application were 
gold deposited over nickel, and rhodium 


Both of 


preceded by 


plating schedules 


determined 


two 
satisfactory 


deposited over silver. these 


plating schedules were 
the customary copper flash employed 
when plating on copper-base alloys. To 
determine applicability for the opera- 
tional environment, representative spec- 
imens were subjected to a 200-hr ex- 
posure at 500 F in a circulating air 
furnace. Surface appearance and _plat- 
ing stability (extent of diffusion) were 
the criteria for this evaluation. 

A macroscopic examination was con- 
ducted at 10X the 


exterior surfaces of the specimens upon 


magnification on 
completion of the heat aging test. The 
gold over silver platings, regardless of 
gold thickness, oxidized severely when 
exposed to 500 F for 200 hours. The 
nickel and rhodium 
silver platings showed no evidence of 


gold over over 
discoloration or oxidation. 

solder 
solder 


manufacturers was conducted to deter- 


A survey of the commercial 


alloys currently produced by 


mine a suitable alloy or alloys pos- 
sessing the necesary requirements. The 
solder alloy had to be capable of main- 
taining 


in the operational temperature range, 


sufficient mechanical strength 
have a solidus temperature sufficiently 
the maximum 
temperature to insure reliability, and a 
liquidus low 
simplify soldering techniques. Another 
primary requirement that the 
solder alloy be corrosion resistant and 


higher than operating 


temperature enough to 


was 


not degraded by the operational en- 
vironments. The only alloy 
deemed worthy of investigation was the 
alloy Ag 1.5. per 
QQ-S-571, which has an approximate 
composition of 1.5 per cent silver, 1 per 
cent tin and the remainder (97.5 per 
cent) of lead. The ability of this alloy 
to resist 


solder 


lead-base eutectic 


humid environ- 
ments is attributed to its tin content. 
The availability of this alloy with a 
flux core and in appropriately small 
strand sizes 


corrosion mn 


was confirmed by several 
solder manufacturers. 


Joining Technique 


To determine the optimum joining 
technique for diversified component 
applications, evaluation tests were con- 
ducted with emphasis placed primarily 
on soldering miniature connector pins 
and terminals to conductor wire. 

An evaluation of the optimum joining 
technique was conducted by comparing 
conduction and electrical resistance 
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methods of heating. The electrical re- 
sistance soldering method was deter- 
mined to be the more effective method 
because of the limited accessibility of 
the miniature pin contacts, higher melt- 
ing point of the Ag 1.5 solder, and fast 
heating rate which avoids flux degrada- 
tion and produces a localized source of 
heat. The annealing of the conductor 
wire by of heat from the 
soldering maintained at a 
minimum using the resistance 
method. The principle involved in the 
resistance method is that a closed cir- 
established between a 


conduction 
cycle is 
when 


cuit is power 


source in series with the part. Instan- 
taneous heat is formed as a result of 
the passage of current through the 
high resistance metal electrodes. This 
heat is conveyed by conduction to the 
part and localized in the areas of the 
electrodes. 


Environmental Exposure 


To determine corrosion 
and galvanic compatibility of the con- 
ductor wire, flux and solder alloy, rep- 
resentative specimens containing the 
activated flux residue and specimens 
with the were sub- 


resistance 


residue removed 


Effect of Environmental Tests on the Strength of Conductor 
Wires and Soldered-Pin Connections 


Tension 


Test condition 


As-received conductor wire 
Silver plated 
Nickel plated 


As-soldered wire-pin connection 
Silver plated 
Nickel plated 


. Humidity test 
connections) 
Silver plated (flux not removed) 
Nickel plated (flux not removed) 
Silver plated (flux removed) 
Nickel plated (flux removed) 
Silver plated (500 F, 200 hr, 
flux not removed) 
Nickel plated (500 F, 200 hr, 
flux not removed) 


(soldered-pin 


Salt spray test 
connections) 
Silver plated (flux not removed) 
Nickel plated (flux not removed) 
Silver plated (flux removed) 
Nickel plated (flux removed) 
Silver plated (500 F, 200 hr, 
flux not removed) 
Nickel plated (500 F, 200 hr, 
flux not removed) 


(soldered-pin 


Heat aging test-—(soldered-pin 
connections, flux not removed) 
Silver plated (short time at 500 F) 
Nickel plated (short time at 500 F) 
Silver plated (soaked at 500 F for 
200 hr) 

Nickel plated (soaked at 500 F for 
200 hr) 

Silver plated (soaked at 500 F for 
200 hr) 

Nickel plated (soaked at 500 F for 
200 hr) 


Thermal shock test—(soldered- 
pin connections, flux not removed) 
Silver plated (—80 to +500 F, 
25 cycles) 
Nickel plated (—80 to +500 F, 
25 cycles) 
Silver plated (—80 to +500 F, 
25 cycles) 
Nickel plated (- 
25 cycles) 
Silver plated (—80 to +500 F, 
25 cycles) 
Nickel plated ) —80 to +500 F, 
25 cycles) 


80 to +500 F, 


*Increase 


Loss in 
strength 


Tensile strength, lb 


test 


temp. 


RT 
RT 


RT 
RT 


500 
500 


500 
500 
RT 


RT 


RT 
RT 
80 
80 
500 


500 


Max. Min. Avg. (|(% of II) 


13.6 13 13.6 
14.2 13 14.0 


12 : oF at. 
13 13.5 


F 
F 


F 
F 


F 
F 
F 
F 
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“VERY THING 


GUARDIAN 


General Telephone 
Purpose Type | 


RELAYS 


yours 
with complete 
details 


Catalog “B” Catalog “C” 


The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world’s most critical 
—_ users of electromagnetic controls. For Guardian relays tradi- 
<< on tionally express the fullest measures of progress in relay engineer- 
ing, design, and highly reliable performance. Now—the news about 
Guardian General Purpose and Telephone Type Relays commands 
the attention of those whose responsibility it is to specify or buy the 
most applicable relays. Completely detailed information por- 
trayed in these catalogs will guide your selection with 
accuracy. We invite you—request Guardian Catalogs 


Seri 625 
ae “B’ and “‘C” on your business letterhead. 


A 


Series 1200 . a Series 595 
Series 2100 Series 695-T 


Aend b/p specifications of your application for specific recommendations. 


GUARDIAN 7 ELECTRIC 


MANUFACTURING COMPANY 
1627-G W. WALNUT STREET, CHICAGO /2, ILLINOIS 
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jected to the following environmental 
tests: 

1. Salt Spray Test per MIL-E-5422 
(50 hr duration) 
Humidity Test per 
(10 days duration) 
Thermal Shock Test per MIL- 
STD-202, Method 107 (consisting 
of 25 cycles, range —80 to +-500 
F). 

Heat Aging Test per MIL-E-5272 
(200 hr duration at 500 F) 

Upon completion of these _ tests, 
macroscopic examination, conducted at 
10X magnification, revealed no evidence 
of corrosion 


MIL-E-5422 


products on the solder 
joints, wires or pins. The silver-plated 
conductor wire showed evidence of sur- 
face discoloration as a result of oxida- 
tion incurred by the heat aging test. 
The thermal shock test caused no 


Rapid Response 
in New Altimeter 
Using Magnetic 


Transducers and Servo 


TRADITIONALLY, aircraft altimeters 
have used dial faces with pointers to 
indicate altitude, requiring analysis 
and interpretation by the observer. 
Currently, common altimeters exhibit 
objectionable lag in presentation of 
altitude data, in addition to the com- 
plexity and ambiguity of the pointer 


Fig. 1—Pilot’s view of new direct-reading 
altimeter shows how altitude is clearly 
indicated on tape. Servo motor drives 
tape past window precisely during climb 
or descent with no hunting or fluctua- 
tion. Knob is used to set barometric 
pressure, Altimeter is 344 in. sq., 84% in. 
long, and weighs 4.9 Ib. 
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degradation of the wires, pins or solder 
joints. 


Mechanical Strength 


Upon completion of the various en- 


vironmental tests, tension tests were 
conducted on the soldered connections 
with an Instron testing machine with a 
strain rate of 0.10 in./min. Represent- 
ative specimens were tested at room 
temperature, elevated temperature and 
at —80 F. The elevated temperatures 
were produced by a 
heater and the sub-zero temperature 
was produced by encompassing the test 
specimen with dry ice. A thermocouple 
was attached to the specimens and 
aluminum foil was wrapped around the 
specimen and thermocouple to assure 
accuracy and uniformity in temperature 
measurement. The specimens were ten- 
sion tested 


controlled air 


after temperature equili- 
brium was attained. 

Specific conditions and resultant joint 
strengths after environmental tests are 
listed in the accompanying table. The 


Fig. 2 


AWA 


effect of temperature on solder joint 
strength (short time at temperature) is 
depicted in the graph. It is to be noted 
that after the correct joining technique 
had been established, none of the 
soldered connections fractured in the 
soldered joint or pulled out of the 
solder cup. Fracture occurred in the 
conductor wire either at the top of the 
solder cup or in the area approximately 
Ye inch away from the solder joint. 
This was attributed to the annealing 
effect of the soldering temperature on 
the wire, which caused the occurrence 
of grain recrystallization resulting in a 
slight loss of strength. However, in 
later using improved 
soldering te*hniques, numerous joints 
were obtained wherein, during tension 
testing, fracturing occurred aproximate- 
ly 1 inch away from the solder joint. 
O00 
Acknowledgment: The foregoing is ab- 
stracted from a paper presented at the 
Third Electronic Industries Association 
Conference on Reliable Electrical Connec- 
tions, Dallas, December 2-4, 1958. 


soldering tests 


EMITS 


EXITS 


Altimeter cutaway shows basic components of the new instrument, At the 


front are the altimeter windows, barometric correction knob and tape drive. The com- 
pactly arranged rear compartment includes the servo motor and acceleration com- 
pensating mechanism, three aneroid pressure capsules and the pitot tube connection. 
The 40-ft-long tape is graduated logarithmically to give better readings at lower alti- 


tudes. 


means of indication which is not only 
dificult to read quickly but is con- 
ducive to major error in pre-setting. 

A radically different type of aircraft 
altimeter, said to cut reading time in 
half and virtually to eliminate reading 
errors, has been developed by the 
Bulova Watch Co. at their Research 
and Development Laboratories. The 
new altimeter, Fig. 1, indicates alti- 
tude above sea level by barometric 
means. Altitude is read from a tape 
scale bearing large, clear figures, 


rather than from pointers on a dial. 
The total length of the tape, Fig. 2, 
allows ¥% in. between graduations 
which, at sea level, corresponds to an 
altitude difference of 10 ft. The tape is 
accurately driven past the window by 
a servo motor, Fig. 3, following the 
true altitude without fluctuation or 
hunting and without the need for tap- 
ping the case. Altitude is indicated 
with an error of less than 10 ft at sea 
level; tests have shown a plus or minus 
deviation of 20 ft for the new altimeter 
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Enjay Buty! is used in General Electric washers and refrigerators because 


it offers economy and outstanding all-round quality performance. 


ENJAY BUTYL 


helps make more efficient appliances! 


General Electric uses gaskets and hoses 
made of Enjay Butyl in their new 
washers and refrigerators. 

Enjay Butyl parts are highly resist- 
ant to heat...aging...moisture de- 
tergents, bleaches and other chemicals. 
As a result, equipment lasts longer, 
performs better. 


Pioneer in Petrochemicals 


Technicians constantly find new 
ways to use Enjay Butyl in a great 
variety of applications—and at lower 
costs! It will pay you to investigate 
the possibilities of this versatile rubber 
in your product. For full information 
and expert technical assistance, 
write or wire the Enjay Company. 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. 


Akron « Boston « Charlotte + Chicago + Detroit « Los Angeles +» New Orleans « Tulsa 
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BUTYL 


Enjay Buty! is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear « chipping « cracking « 
ozone and corona « chein- 
icals « gases « heat « cold « 
sunlight » moisture. 
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at 12,000 ft altitude as compared with 
a 200 ft deviation for a conventional 
altimeter under the same conditions. 

At sea level the numbered gradua- 
tions are separated a full inch for each 
50 ft of altitude; at 20,000 ft the num- 
bered graduations mark each 100 ft, 
and so on up to increments of 500 ft 
at 60,000 ft altitude. Thus the tape 
form of presentation permits greatest 
readability and accuracy 
needed—at lower elevations. 

The sensing elements employed are 
aneroid capsules, and the output of the 
clements is transferred electrically to 
the indicating mechanism, freeing them 
from mechanical work and friction. 

The electrical translation also readily 
permits the inclusion of a compensating 
signal to the servo from an auxiliary 
transductor to eliminate the effects of 
gravity and other acceleration. The 
transistor servo amplifier assures stable 
performance over the wide range of 
ambient conditions encountered in air- 
craft operation. oO0Oo 


where most 


Electronic Tachometer 


Uses Magnetic Pickup 


No ELECTRONIC OR MECHANICAL con- 
nections are required by a new line of 


electronic tachometers, designed to 
measure speeds up to 25,000 rpm with 
an accuracy of 0.25 per cent. The 
“Tach-Pak,” developed by Airpax Elec- 
tronics Inc., utilizes transistor and static 
magnetic circuits to convert an input 
signal received from a magnetic pickup 
into a d-c signal which can be applied 
to a milliammeter calibrated in rpm. 

Figure 1 is a block diagram of the 
system. The magnetic pickup used is 
made by Electro Products Laboratories 
or equivalent. The input signal required 
need be no greater than 5 millivolts. 
Since the Tach-Pak output is propor- 
tional to frequency, the spacing between 
the pickup and the gear has negligible 
effect on tachometer accuracy. Minimum 
spacing should allow clearance under 
the worst possible combination of run- 
out, thermal expansion, and bearing 
wear. Maximum spacing is a function of 
gear surface speed, tooth profile and 
gear material. The maximum may be 
as much as 0.040 in. 

Gears should be (1) of ferrous ma- 
terial, (2) have the top of the gear 
tooth approximately equal to the diam- 
eter of the pickup pole piece, (3) have 
the spacing between teeth greater than 
the diameter of the pickup pole piece, 
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PITOT TUBE 
CONNECTION 
(Static contact) pce 


SPROCKET 


MU 


Fig. 3—Block diagram of altimeter shows basic components of new easy-to-read instru- 
ment. A change as small as 2 ft can be sensed by the aneroid pressure capsules 
(1). As capsules expand or retract, a soft-iron armature (2) is moved in the center of 
a pair of coils (3). Each of the coils carries a primary and secondary winding, forming 
a transformer with the armature. Output of the secondary winding is related to the 
armature position in the null-seeking closed-loop system. Outside air pressure is carried 
to the capsules contained within the capsule chamber (4) by connection with the 
aircraft static pressure source (5). The signal from the coils passes through an ampli- 
fier and is relayed to the servo motor which performs two functions—restoring the 
coils to null, and moving the tape scale proportionally past the window (6). The coils 
are transported in a frame (7) which is moved right or left by a screw (8) geared to 
the motor. The possibility of error due to gravity or aircraft acceleration is eliminated 
by introducing an acceleration compensator which includes a second armature (9) 
restrained by parallel motion springs (10) and a second set of coils (11). The spe- 
cific stiffness of the springs permits the armature to displace exactly the same amount 
as the capsule-moved armature, yielding the same output from both sets of coils. The 
output from the acceleration compensator is in reverse phase, which nulls any “false” 
acceleraion signal from the other coils. 


Geor 


<& Pickup — 


Power source 
Fig. 1—Block diagram of speed-measur- 
ing system using electronic tachometer. 
»—> 
Fig. 2—“Tach-Pak” is contained in cast 
aluminum case with either terminal block 
as shown or standard AN connector. 


per es 
tad 
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If you’re troubled with these hidden 
costs, your product needs 


BODINE MOTORS 


Cartoonist Sid Hix looks at the expenses of buying ‘second best” motors. 


Are too large, hard to install motors slowing down 
your production line? Bodine motors are compact, 
light-weight, powerful for their size and available 
with a variety of mechanical adaptations. 


Are on-the-line motor rejections adding to your 
production costs? Close supervision throughout all 
manufacturing processes, plus individual inspec- 
tion and testing of completed Bodine motors mini- 
mize rejections. 


3500 standard motors... 295 stock motors 


If you're planning new or improved prod- 


SERVICE 


BACK 
AGAIN? 


Are frequent motor breakdowns nullifying your 
product's other competitive advantages? Highest 
quality workmanship and materials make long life 
and service free operation inherent characteristics 
of all Bodine motors. 


PURCHASING 
DEPT 


Does poor motor performance jeopardize your 
good name—cause you to lose repeat sales? Close 
tolerance machining plus quality materials plus 
close inspection and testing of each Bodine motor 
assures consistent performance. 


Bodine Motors are used in: office 


ucts, talk to a Bodine motor-application I Cc) - | NJ Ee machines, instruments, communica- 
engineer. Probably one of Bodine’s 3500 tion equipment, sound recorders, 


standard motors is perfectly suited to your 
product. And Bodine carries in stock 295 
different standard types and sizes of motors 
...feady for penal | shipment. (Ask for 
Bulletin S-1.) Bodine Electric Company, 
2506 West Bradley Place, Chicago 18, Illinois. 


fractional 


automatic scales, respirators, voltage 


horsepower regulators, X-ray timers, traffic sig- 


nal timers, stirrers, sanders, letter 
openers, envelope sealers . . . and 
many, many other types of equip- 
ment. 
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and (4) have the height of the tooth 
equal to or greater than the diameter 
of the pole piece. Gears having as few 
as five teeth may be employed, pro- 
vided they meet these requirements. 
The Tach-Pak requires approximately 
1 watt of supply power for operation 
and may be operated from either 115 
volts a-c or 12 volts d-c. It is available 
with either a_ barrier-strip terminal 
block as shown in Fig. 2 or with a 
standard AN connector. It is designed 
for operation in temperatures from —40 
to +70 C, The operation of the unit is 
not critical with regard to input wave 
shape. However, sharp pulses with long 
off periods are not remommended since 
a false indication may occur at high 
speeds. O00 


Electrostatic Microfilm 
Enlarger-Printer 


JOHN L. TREGAY 

Chief Design and Development Lagineer 
CuarLes Bruning Company, Inc. 
Mount Prospect, Illinois 


IN DESIGNING an electrostatic micro- 
film enlarger-printer, the primary 
problem was to develop methods for 
electrostatic charging and develop- 
printing paper as well as 
programming the timing of paper feed, 
exposure and fusing. The end prod- 
uct is the Bruning Copytron Mode} 
1000, Fig. 1, a unit that permits en- 
largement of card-mounted, strip or 
reel microfilm from 14 to 16. times. 
Black on white prints, on standard 
size sheets from 84% x 11 to 18 x 24 
in., are produced at a speed of about 
4 per minute. Copytron prints can be 
used as offset masters if desired. Basic 
operation of the unit is shown in Fig. 
2; the important 
scribed below. 


ment of 


hardware is de- 


As a sheet of coated paper is fed 
into the machine, the leading edge of 
the sheet between two feed 
rolls closes the contacts of a charg- 


passes 


ing this interval, a means of maintain- 
ing charging voltage is provided by 
a heat-operated Amperite No. 115N3 
time-delay tube. A selenium power- 
pack provides charging voltage of 
0-7500 volts d-c full wave at 14% ma. 

Fully charged paper is conveyed 
trom the charging section to the ex- 
posure section. Exposure time is pre 
selected by the operator, who seis the 
timer motor. The motor drives a cam 
around to the zero point and then 
shuts off. Spring-loading sets the motor 
up for the next cycle. The operator 
also pushes a button on the size se- 
lector switch (Fig. 4) assembly to 
assure correct positioning of the paper 
to be exposed. This button works in 
conjunction with paper-actuated limit 
switches. 

As the paper is conveyed into the 
exposure section, Fig. 4, its leading 
edge closes one or more limit switches 
(S1 through S6) in the size-selector 
switch circuit (physically located as 
shown in Fig. 2.) to complete a cir- 
cuit corresponding to the size of the 
paper being developed through pres- 
ent selector switch S7. Closing this 
circuit has two results: (1) it ener- 
gizes the brake (Warner RF-160) and 
disengages the clutch (Warner SF- 
160) of the conveyor band, thus posi- 
tioning the sheet for exposure, which 
hegins as soon as the sheet is stopped; 
(2) it also energizes the relay that 
switches on the motor of the special 
Zenith Electric exposure timer. While 
the timer is in operation, the primary 
of the projector lamp transformer is 


COPYTRON PAPER —Copy 
tron poper contains a coating 
of minute particles which 


EXPOSURE 


big. 1—Bruning Copytron Model 1000 for 
automatically enlarging and printing full- 
size eng’neering drawings from microfilm. 


energized. When exposure has been 
completed, the clutch is engaged, the 
brake is released, and the sheet is con- 
veyed to the developer section. 

The operator can view the micro- 
film to be exposed by operating the 
focus switch and viewer switch. These 
switches disengage the clutch, stop- 
ping the paper conveyor, while the 
microfilm is projected onto a glass 
viewing screen at the side of the Copy- 
tron. 

A signal from the timer in the ex- 
posure section engages the clutch of 
the developer section (Warner SF- 
250). This signal is supplied when- 
ever the exposure section is operating. 


An enlarger 


when electrostatically 
charged, become photosens: 
tive. A plastic resin binder 
insulates the particles from 
each other and from the pa 
per, enabling them to retain 
electrostatic charges The pa 
per is iMmexpensive, permo 
nent, and con be stored in 
definitely before use without 


deterioration 


lens system projects a micro 
film image onto a mirror 
which reflects it to the sensi 
tive paper. Wherever light 
strikes the paper, the charge 
on the poper is neutralized 
Wherever the projected mi 
crofilm image blocks the 
transmission of light, how 
ever, the electrostatic charge 
is retained 


4 FUSING —The image is fused 


to the paper by heat, making 
ita highly legible print that's 
Os permanent as an impres 
sion of printer's ink. The fin 
ished print is then delivered 
ready for immediate use 


ing switch assembly (Fig. 3), and 
finally passes on to the charging rolls. 
There are three charging rolls — one 
is a semiconductive charging roll made 
of a special rubber compound having 
the requisite dielectric properties, and 
two are conductive ground rolls. These 
rolls apply an even charge across the 
face of the sheet and also convey it 
forward to the exposure section. 

As indicated in Fig. 3, there is an 
interval during which the following 
edge of the sheet has passed beyond 
the charging switch assembly but has ob dladaatellt therae on the 
yet to pass between the charging rolls. paper. This makes the paper 
Since the charging switch is open dur- tentacle 


DELIVERY 


FEEDBOARD FOR PAPER { ; 
cosuspeneeerel 
< 


EXPOSURE 


DEVELOPER 


3 DEVELOPMENT — A fine, 
black plastic powder or 
‘toner’ is applied to the 
sheet. The toner has an elec 
trostatic charge and—de 
pending on whether it is a 
negative or positive toner— 
will be repelled or attract 
ed to different areas of the 
sheet to produce o positive 
image 


MICROFILM 


ENLARGER UNIT 


] CHARGING — As Copytron 
poper is fed into the Copy 
tron machine, rollers produce 


Fig. 2—Basic operation 
of Copytron printer. 


146 PRICAL MANUFACTURING 





New concepts 


in handling 
discrete materials... 


by 
Bulova 


Bulova designer-engineers can help you increase production and reliability 


Turning a hand-method, high-skilled operation into a reliable mechanized facility 
is a proven Bulova capability. 


Automating existing man-machine systems involves the creation of equipment to 
manufacture individual pieces and to provide continuous, automatic in-process 
inspection, sorting, assembly and testing. This requires techniques and methods 
long familiar to Bulova. 


Experience in precision design, in precision manufacture, is the Bulova tradition, 
the Bulova capability. Has been for over 80 years. For more information write— 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Locanon of charging 
switch assem 


Ground rolls 


Paper feed Br nargne 
rolls " 


-) 
\. Full ve 
Supply] 


, = es **_rectitier 
vo lfage 5y5 able 4 F 

lied § ..9¢—- {¢)_j 

| | Charging [High voltage 

ile od im | trans 4 


Swoa 
oO 


Time delay tube 
(normally open) 


Fig. 3—Charging section circuit. 


tronsf Projector 


lamp transf 
Supply | 
voltage 


ne — 


Focus sw.NO. 


Exposure timer 


Ss 


bene «4 
S| bel 6 | 
| 


= 


Size selector switch assem 
In the section (Fig. 5), 
charged toner powder (with a charge 
opposite to that of the sheet) is brush- 
ed from the toner roller onto the ex- 
posed sheet. The powder adheres to 
the image area (the only part of the 
sheet that retains its charge after ex- 
posure). A Timoflex timer (Eagle 


developer 


One-hundred lighted pushbutton switches can be installed in 
a single mounting hole as shown at top. Exploded view at bot- 
tom shows construction which permits each unit to indicate up 
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Developer drive control 


Supply voltage | 


ees 


Signal voltage 
from projector unit | 


| 
| 
| 
| 


Timer control 


5—Developer unit circuit. 


Fig. 4—Exposure 
unit circuit. 


<€ 


lomp | 


Signal voltage to 
developer unit 


Clutch Focus sw.NC 


Conveyor band control 


Signal No. HD 42A622, Fig. 5) in the 
developer section times the developer 
operation for a two-minute run. 

The toner powder is a mixture of 
a plastic resin powder, lamp black, 
and fine iron filings. (Bruning grinds 
its own toner in ball mills.) The fil- 
ings are included only to separate the 


Keying and 


tuner particles. As the toner roller 
rolls across the sheet, the resin and 
lamp black mixture adheres to the 
sheet, while the filings adhere to the 
roller. 

Finally, the sheet passes to the fuser 
section, which is a resistance-type in- 
fra-red heater. Heat fuses the lamp- 
black-carrying resin to the paper, 
making a permanent black image. The 
finished print is delivered from the 
fuser ready for immediate use. 

The Copytron drive mechanism is a 
Bodine type NSH-34 RH motor and a 
quarter-pitch rollerless chain. O O O 


Lighted Pushbutton 
Monitors Six Conditions 


A NEWLY DESIGNED lighted pushbutton 
occupying a panel space only % in. 
square can be used to monitor six dif- 
ferent circuit conditions. As shown in 
the figure, the C-20 unit, made by 
Electrosnap Corp., Chicago, contains 
two No. 327, 28-volt bulbs and two 
SPDT switches. The two bulbs can be 
of different colors and can be con- 
nected to an external flashing source. 
These possibilities, combined with the 
light baffle which may be included in 
the front of the unit to separate the 
two lights, provide the six conditions. 

The square modular construction re- 
quires no barriers so that any number 
of units can be mounted side by side. 
as shown in the figure. They can be 
mechanically interlocked for master re- 
setting. Nomenclature is printed on a 
removable button. The switches have 
electrical ratings of 6 amp at 125/250 
volts a-c, 3 amp at 30 volts d-c inductive, 
or 6 amp at 30 volts d-c resistive. Bulbs 
rated for 6 volts may be used in place 
of the 28-volt units. o'o:o 


Button assembly snaps out of switch 
from front of panel for re-lamping. 


Optional 
light 
baffle 


removal siot 


Bock view 


Bulb holder 


Clear plastic button —— 


Nomenclature plate 
Window 


Bezel clip 


2 mtg. holes 


to six conditions: using steady or flashing color on left half, 
different color steady or flashing on right half and simultaneous 
steady or flashing on both halves. 
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New in looks, new in efficiency, and forerunner of a great new line of 

MB vibration exciters...that’s the new Model C125. 

Once again leading the way, MB has achieved a radical step-up in magnetic circuit 
efficiency. This new shaker, barely larger than its predecessor, develops 10,000 pounds 
force output...a 43% gain! Conversely, it calls for less amplifier power than any 
other electrodynamic shaker of comparable force. 

Leading companies in missiles, aircraft and electronics look first to MB for progress in 
complete vibration test systems. It has been that way for almost 15 years. Our 
“encyclopedia” of vibration experience is yours to draw on...as is the 

largest, national, field service staff of specialists. Send for full data, 


Pioneer and leader in the field of vibration 


i> MANUFACTURING COMPANY 


A DIVISION OF TEXTRON INC., 1075 State Street, New Haven 11, Conn. 
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New breakthrough in 


vibration exciter 
performance! 


43% more 
force output. ... 
More efficient 
utilization of 
power amplifier! 
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OP. CONTACTORS 
J) AND RELAYS 
~ 


“BUILDING BLOCKS” 
CUT STOCKING COSTS 


Reduce costly inventories—gain valu- 
able storage space. Take advantage 
of General Electric’s new “building- 
block” d-c contactors and relays and 
stock only a few standard parts. De- 
sired devices can then be quickly and 
easily assembled when needed, Get 
complete details by following reader 
service instructions below. General 
Electric Company, Roanoke, Va. 
784-20 


Progress /s Our Most /mportent Product 


GENERAL @@® ELECTRIC 
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Association Activities 


IRE Military Electronics 
Convention Scheduled for 
Late June 


The Third National Convention spon- 
sored by the IRE Professional Group 
on Military Electronics will be held 
June 29 to July 1 at the Sheraton-Park 
Hotel, Washington, D.C. 

The technical program includes more 
than 100 papers, to be presented at 5 
classified and 18 unclassified sessions, 
and covers these topics: missile guid- 
ance; radar techniques; operations re- 
search and tactics; data transmission 
and processing; space electronics; in- 
strumentation (two sessions); naviga- 
tion, surveying and reconnaissance; 
ommunications (two sessions); space 
propulsion; missile electronics; radar 
systems and equipment; computers; 
components; space communication; de- 
tection and tracking; space guidance 
and tracking; simulation; navigation 
and reconnaissance; guidance; and re- 
liability. In addition, the Air Research 
and Development Command will present 
an un’lassified version of its progress 
report. 


Electrical Insulation 
Conference Planned 
for December 


Latest developments in the field of 
electrical insulation will be exhibited 
at the Second National Conference on 
the Application of Electrical Insulation 
to be held in Washington, D. C., De- 
cember 8, 9 and 10. 

There will be commercial, technical 
and educational exhibits, provided by 
manufacturers of electrical equipment 
to illustrate major uses of various types 
of electrical insulation materials. The 
conference management will make no 
charge for space for technical and edu- 
cational exhibits. Details regarding 200 
exhibit spaces available for commercial 
exhibits will soon be forwarded to con- 
cerns engaged in the field. 


Papers Sought for Magnetism 
and Magnetic Materials 
Conference 


The Fifth Conference on Magnetism 
and Magnetic Materials will be held 
in Detroit, Mich., November 16-19. 
This conference is sponsored by AIEE 
in cooperation with the Office of Naval 
Research, the Metallurgical Society of 
the AIME, the American Physical 


| Society and IRE. 


Abstracts of papers to be presented 
should be received by J. E. Goldman, 
Scientific Laboratory, Ford Motor Co., 
Box 2053, Dearborn, Mich., by August 
25. Instructions to authors and further 
conference details can be obtained from 
D. M. Grimes, Department of Electrical 
Engineering, University of Michigan, 
Ann Arbor, Mich. 


AIEE 75th Anniversary 


The American Institute of 
Electrical Engineers, whose 
1884 roster listed 71 mem- 
bers (among them Thomas 
Edison and Alexander Graham 
Bell), had its 75th anniver- 
sary celebrated at a New 
York City luncheon on May 
13. Five hundred representa- 
tives of industry, colleges, 
other engineering societies 
and the press gathered to sa- 
lute the 52,000-member soci- 
ety. The luncheon was held 
on the same day in the same 
city in which the Institute’s 
founding meeting took place, 
and was one of many such 
Diamond Jubilee celebrations 
which will be held through- 
out the country by the 112 
sections of the society. 


Two Environmental 

Engineering Societies Merge 

A merger of the Institute of Environ- 
mental Engineers and the Society of En- 
vironmental Engineers was announced 


at the Third Annual Technical Meeting 
of the IEE. The new group has the title 
of the Institute of Environmental 
Sciences. 

~~ New officers of the merged societies 
are: president, Harold C. Jones, con- 
sultant to Litton Industries; executive 
vice-president, Wm. Vandal, Autonetics 
Div. of North American Aviation; fiscal 
vice-president, Arthur B. Billet, Vickers, 
Inc.; membership vice-president, Rus- 
sell Lowe, Barry Corp.; local-chapter 
vice-president, Leon Carver, High Ac- 
curacy Corp.; publications vice-presi- 
dent, Raymond Yaeger, Chrysler Corp. ; 
and excutive secretary, Henry F. San- 
der, Vapor Heating Corp. 

The IEE was formed in April 1955 
and has seven local chapters throughout 
the United States with approximately 
400 members. The SEE was formed in 
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Take the Thumbs Out of Electrical Wiring 
With Improved J-M Dutch Brand Plastic Tape 


makes every job easier, faster, more economical 


Johns-Manville Dutch Brand Plastic Electrical Tape is now made even 
better! With its improved adhesive, Dutch Brand accomplishes every 
wiring job with new time-saving nimbleness. Rugged, versatile, it has 
what it takes to stick around in the “tight spots'’"—conforming to irregular 
surfaces neatly without bunching. Important too, Dutch Brand Plastic is 
now packaged in money saving, economical, convenient 44-foot rolls in 
addition to the regular 20’ and 66’. 


See why Dutch Brand Plastic is best for all your wiring assignments... 
Send for “Big Four in Electrical Tapes", the idea booklet that illustrates 
how you can do better electrical jobs. 


Johns-Manville Dutch Brand Division 


7800 S. Woodlawn Avenue, Chicago 19, Ill. TAA 
Jouns-MANVILLE JV | 
PRO 


DUCTS 
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wae 
motors and 
circuits with 


MP 
MINI-BREAKER' 
17 
appliance makers 
say it really cuts 
service problems, 
adds sales spark 


PUSH-BUTTON RE-SET MODELS 
FOR CIRCUIT AND 
REMOTE MOTOR PROTECTION 


Here are sure, positive protectors 
against motor burn out and ~ erous 
circuit overload. But they can be factory 
set for any time lag you may desire so 
normal overloads can be tolerated 
without nuisance trips. Easy mounting 
without harness saves money. Ratings 
to suit every appliance. 


WRITE FOR NEW 
MINI-BREAKER, 
MOTOR & CIRCUIT PROTECTION 
CATALOG 


152 Circle 156 on page 17 


1 

ee 
c 
r 
< 


:BSse: 
:88ne 
B2a~ 
:Bdne-ls 
:SBaeni 
PSRISel4 
:Rerela 


. 
’ 
. 


June 7-11—Amer. Soc. of Heating 
& Air-Conditioning Engineers, semi- 
annual meeting, Vancouver, B. C. 


June 7-12—FElectrical Contacts 
Seminar, Pennsylvania State Univer- 
sity, University Park, Pa. 


June 13-23-——-UNESCO Interna- 
tional Conference on Information 
Processing (sponsored by AIEE, 
IRE and Assoc. of Computing Ma- 
chinery), Paris, France. 


June 15-20—IRE Symposium on 
Electromagnetic Theory, University 
of Toronto, Ontario, Canada. 


June 16-18-——IRE International 
Symposium on Circuit & Informa- 
tion Theory, Univ. of California, 
Los Angeles. 


June 17-20—National Society of 
Professional Engineers, Engineering 
Progress Exposition, Hotel Commo- 


dore, New York. 


June 21-26-——Amer. Soc. for Test- 
ing Materials, annual meeting, Chal- 
fonte-Haddon Hall Hotel, Atlantic 
City, N. J. 


June 22-24—Amer. Soc. of Re- 
frigerating Engineers, annual meet- 


ing, Lake Placid Club, N. Y. 
June 29-July 1—IRE 3rd National 


Convention on Military Electronics, 


March 1956 and has a membership of 
approximately 160, with activities con- 
centrated largely in the Los Angeles 
area. 


Proceedings Available 
for 1958 NEC 


Transcripts of discussions and papers 
presented at the three-day National 
Electronics Conference in October 1958 
are available as Proceedings Volume 14. 

Papers describe developments in 
areas such as transistors, servomecha- 
nisms, antennas, solid state, navigation, 
network theory, microwaves, instrumen- 
tation, computers, industrial 
electronics, television, audio, engineer- 
ing writing and speech, and engineering 
management. Copies are available at 
$7.50 each from National Electronics 
Conference, Inc., Room 2104, 228 No. 
La Salle St., Chicago 1. 


noise, 


Calendar of Meetings 


Sheraton Park Hotel, Washington, 
D.C. 


August 17— 1st National Ultrasonics 
Symposium, sponsored by IRE, San 
Francisco. 


August 18-21 -—-WESCON, Cow 


Palace, San Francisco. 


Sept. 2-4—Cryogenic Engineering 
Conference, University of Califor- 
nia, Berkeley, Calif. 


Sept. 17-18 IRE Engineering 
Writing and Speech Symposium, 
Boston, Mass., and Washington, 
D. C., simultaneously. 


Sept. 20-25—Instrument Society of 
America, annual conference and ex- 
hibit, Chicago amphitheater, Chi- 
cago. 


Sept. 21-22—Standards Engineers 
Society, annual meeting, Hotel 
Somerset, Boston, Mass. 


Sept. 23-25 


Conference on 


Special Technical 
Non-Linear Mag- 
netics and Magnetic Amplifiers 
(sponsored by IRE and AIEE), 
Shoreham Hotel, Washington, D. C. 


Sept. 28-30-——IRE National Sym- 
posium on telemetering, Civic Audi- 
torium and Whitcomb Hotel, San 
Francisco. 


Porcelain-Enamel Group to 
Work with Society of 
Industrial Designers 


A cooperative program for developing 
a closer working relationship between 
industrial-designing 
profession and the porcelain-enamel in- 
dustry was recently announced by John 
C. Oliver, managing director: of the 
Porcelain Enamel Institute. 

The program, being conducted in co- 
operation with the American Society of 
Industrial 
provide the means for making product 
information on decorative and protec- 
tive poreclain enamel available to in- 
dustrial designers. The initial PEI 
product information mailing to ASID 
members was on 


members of the 


Designers, is intended to 


porcelain enamel’s 
properties, characteristics, advantages 
and limitations. The Industrial Design 
Institute has joined with ASID in this 
program. 
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Model 961 Group Instruments 


AMPERES 
D.C. 


WESTON 


THESE WESTON 
RECTANGULARS 
LEAD THE FIELD 


The well-balanced design, fine appear- 
ance and desirable features of these 
Weston instruments reflect a 70-year 
tradition of fine engineering and crafts- 
manship. If you’re not already well 
acquainted with these notable models, 
look over this check list — you'll not find 
better value anywhere. 


For full information, contact your 
local Weston representative . . . or write 
to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 19, Ont. Export: 
Daystrom International, 100 Empire 
St., Newark 12, N. J. 
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Model 741 Group Instruments 


eee i ge ee 
VOLTS: —" 


WESTON 


AMPERES 
B.C. 


wtStow 


A-C 


o € & 0 Long scales (Mode! 961 Group: 3.17”... Model 


741 Group: 3.24” A-C and 3.52” D-C) 


1) e Ky 0 Excellent natural illumination (self-contained 


lighting optional) 


3 @ © 0 High rated accuracies (Mode! 961 Group: 2% of 
full scale value ... Model 741 Group: 1%) 


@ © © OF tah sensitivities . . . tow response times 
as “9 © o Excellent torque-to-weight ratios 


1) e Dielectric test — 5000 volts A-C 
2) oO Group includes A-C rectifier type instruments 
qe © D-C and rectifier type instruments have mag- 
netic shunts for precise adjustment 


These instruments are particularly suitable for a wide variety of spe- 
cialty applications where other than cataloged accuracies are desirable. 


WESTON 
Shiitiumtenda~ 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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With the Z:Na2Ne4% Termination Technique 


EXPERIENCE 


is the best feature 


All the unusual features of the A-MP tool- 
and-terminal method which have created 
AMP’s outstanding reputation are a result 
of one major feature: experience or “know 
how”. 


This experience is unmatched by any other 
organization in the world. The proof of it is 
in AMP’s electrical circuit terminations, 
that is, a fine A-MP terminal crimped 
precisely and uniformly to your circuitry 
leads. A-MP “‘know-how” also means the 
lowest total installed cost—no extra parts, 
no multi-step assembly operations. . . just 
an A-MP tool and a supply of A-MP 
terminals. 


Highest reliability without fuss or muss at 
the lowest total installed cost anywhere 
.».»@xperience says you can’t beat such 
a combination. 


Why not write for more information today on 
your particular circuitry termination re- 
quirements. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 


A-MP products and engineering assistance are available through subsidiary 
companies in: Canada « England « France « Holland + Japan 
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Men in Industry 


John K. Wetherbee has been named 
chief of the Systems Engineering Div. 
at Battelle Memorial Institute, Colum- 
bus, Ohio, assuming responsibility for 
directing the division’s program of 
research on automatic processing and 
control systems. Mr. Wetherbee helped 
organize the Systems Engineering Div. 
and has been associated with studies in 
analog simulation, human engineering, 
servomechanism analyses, and systems 
analyses. Before coming to the research 
center in 1953, he was engaged in 
design and development of advanced 
electronic-flight simulators at Link 
Aviation Corp., Binghamton, N. Y. 


The Daven Co., Livingston, N. J., 
has announced the appointment of 
Emil Kohler to its design and develop- 
ment staff. Mr. Kohler will be project 
engineer in charge of development on 
transistorized power supplies and vari- 
ous other transistorized power equip- 
ment. Mr. Kohler’s past experience in- 
cludes senior engineering functions for 
the Bogue Electric Manufacturing Co. 


Gordon S. Brown has been named 
dean of the School of Engineering at 
the Massachusetts Institute of Tech- 
nology. Dr. Brown will succeed C. 
Richard Soderberg, who has been named 
an institute professor. For the past 
seven years the head of the Depart- 
ment of Electrical Engineering at 
M.L.T., Dr. Brown has been on the 
teaching staff since 1931, serving the 
entire time in the Department of Elec- 
trical Engineering. He was active in 
research activities during World War 
Il when he was director of the Servo- 
mechanisms Laboratory. 


David Novick has been appointed 
project engineer for ESC Corp., Pal- 
isades Park, N. J., where he will be 
responsible for the development of test 
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Engineers at the Bobrich Products Company, Beacon, 
u be () B | ie Vi ® New York (manufacturers of automatic electric blankets 
and the Magic Touch Massage Couch) were trying 
HH to make reliable circuit connections the hard way. 


They raised the cover turret (illustration, right) on their 
massage table a few inches then poked a hot iron 
through the narrow opening to solder the leads. 

Trouble was it took too long, it was hard to see and 

they were never sure that a reliable, permanent 
connection had been made. 


The firm eliminated its problem very neatly with the 
[ T \ a A-MP Faston Receptacle. Bobrich now terminates all leads 
solderlessly before they're installed. Production rates 
WH have skyrocketed to thousands per hour with the 


A-MP Automachine—and, when the turret is fitted over 
the motor unit, it needs to be lifted only a few inches 

to permit quick manual insertion of the A-MP 

Faston Receptacles onto the waiting tabs. 


Bobrich got a tremendous boost in production, 
jm saved expensive time and now has assured, 
uniform reliability with each Faston. 
= * ; ae 


You, too, can have all these advantages by using 
A-MP Faston Receptacles in your circuits. 

For the full story, including technical data, 

send for our Faston Catalog. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary compar in ° Japa 
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equipment, new products and research 
and development. Mr. Novick was pre- 
viously senior engineer in the Industrial 
Products Div., L.T.T. Prior to that, he 
was associated with the Computer Div. 
of the Underwood Corp., CBS-Columbia 
and the Square Root Manufacturing Co. 


Fred R. Cooper has joined Electrical 
Windings, Inc., Chicago, as vice presi- 
dent, director of engineering. For the 
past ten years he held a similar posi- 
tion with the Gramer-Halldarson Trans- 
former Corp. 


Amphenol Electronics Corp. an- 
nounces the appointment of Robert 
Dorrell to the position of engineering 
manager. 


Moog Valve Co. Inc., East Aurora, 
N. Y., has announced the appointment 
of K. D. Garnjost to the position of chief 
engineer. Before joining Moog in 1954 
as director of research, he worked on 
development of electrohydraulic air- 
craft flight controls at the MIT Instru- 
mentation Laboratory. 


Stanley A. Kroll has resigned as vice 
president of Taller and Cooper, Inc., 
to open his own consulting engineering 
office at 315 Gold St., Brooklyn, N. Y. 
He has been engaged for many years 


in the design of toll plazas and revenue 
collection systems for super highways 
and will extend his practice to all 
phases of electrical engineering and 
design of special devices. 


Alfred Doig, Jr., has been appointed 
chief engineer of The National Cash 
Register Co., Electronics 
Hawthorne, Calif. Mr. Doig assumes 
responsibility for all military and com- 
mercial engineering activities of the 
division. Active in the company siace 
1954, he has been involved in the proj- 
ect in character-recognition research, the 
computer printing survey and micro- 
program computer study, the NCR 


Division, 


ZENITH Model FR 


TIME DELAY RELAY 


Instant Fingertip Setting... 
For 0 to 120 Second Delays 


With the FR’s simplified design 
—large 14%" 60-point notched 
dial and simple indicating lever — 
you can set up any desired time 
delay instantly. No nuts or set 
screws to loosen. Four adjustable 
ranges provided: 0 to 15, 0 to 30, 
0 to 60 and 0 to 120 seconds. Other 
types available with delays in any 
time range. 


Precision synchronous motor 
drive assures extremely accurate 


timing and positive action. Unit is ready- to- mount 


witha 


l components assembled on compact bracket. 


303 business computer and a decimal 
digital differential analyzer. Before 
joining NCR, Mr. Doig worked for 
Douglas Aircraft Co., El Segundo, 
Calif., where he served with the an- 
tenna design group. 


Roland Lawrence has been appointed 
director of engineering and research 
for The Deutsch Co., Electronic Com- 
ponents Div., Los Angeles. He will 
head the research, design and develop- 
ment work of electronic 
operations. Mr. Lawrence comes to 
The Deutsch Co. from Douglas Aircraft 
Co., Inc., where he worked for the past 
18 years, most recently as supervisor 
of electronic design liaison on the DC-8 
program. 


components 


Gust A. Berthel, who was associated 
with Jefferson Electric Co. of Bellwood, 
Ill., for 30 years as engineering section 
head, and recently with Controls Com- 
pany of America, Schiller Park, Ill. as 
engineering supervisor, is now operat- 
ing as an independent engineering con- 
sultant with offices at 127 Columbia 
Avenue, Park Ridge, Ill. He is special- 
izing in development, design and prod- 
uct engineering on fuses, switches, 
small circuit breakers, and wire-wound 
components. 


(Continued on page 159) 


Operates from any standard voltage source, handles 
up to 20 amps., 480 V. non-inductive. 


Request details today! Write on company letter- 
head for complete 64-page catalog describing 
automatic transfer and remote control switches, 
magnetic contactors, program clocks and tim- 
ing controls. 


See Classified Directory for Name of Local Representative 


TRACING CLOTH 
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ALCOA ALUMINUM TEAMS NATURALLY 
WITH ELECTRICITY F 





A NEW CONCEPT 


—ftirst step to better coil design 


Manufacturers of electromagnetic equipment 
can reduce material and production costs now 
-by switching to ALCOA® Aluminum strip 
windings. Equipment designed with ALCOA 
strip is more compact, lighter in weight, and 
better able to dissipate heat than conventional 
wire. For information about recent ALCOA 
developments in this field and how they benefit you — please turn the pape 


NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . ..these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality. 

Intensive research and testing by ALCOA have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation 

Recently, ALcoa purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—-an important, new service for the 
electrical industry 


ALUMINUM’S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent ts typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns, 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation; new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to- 


Interleaving sheet-type insulation 
with aluminum strip. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 


ALUMINUM STRIP 
No. 3 EC 


PROPERTY COPPER WIRE 


Weight (Ib/cu in.) 0.321 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C /watts/sq ) 

( in./°C 

Electrical conductivity 

at 20°C, per cent IACS 
Electrical resistance at 

20°C (microhms/sq in. /ft) 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 


Modulus of elasticity 


0.000017 0.000023 


9.7 - 10.0 6.0 
97 - 100 61.0 
8.40 - 8.14 13.14 
0.00392 - 


0.00381 
17 x 106 


0.00409 
10 x 106 


Atcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test. 

ALUMINUM COMPANY OF AMERICA, 2260-F Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Versatile is the word for aluminum strip in electromagnetic equipment. The strip 
winding technique is applicable to a wide range of coil sizes and dimensions. 


° Send for Alcoa's new 
yy a Conductor Selector 


: Chart, a convenient 
p soassses.... ; slide rule for convert- 
ing standard wire 


ALCOA &. | 
ALUMINUM 


ALUMINUM COMPANY OF AMERICA 


sizes to equivalent 
strip conductor 





Robert W. Landee has been promoted 
from assistant director to director of 
research and development for airborne 
data communications at the Western 
Div. of Collins Radio Co., Burbank, 
Calif. Mr. Landee has had experience 
in servos, indicators and radar trans- 
mitters and receivers, serving as pro- 
gram manager on various missile and 
radar systems. 


Cecil S. Allen has been named direc- 
tor of engineering for the Electric 
Auto-Lite Company’s Electrical Prod- 
ucts Group in the Toledo and Syracuse 
facilities. Previously, Mr. Allen was 
vice president and general manager of 
the Russell Electric Div. of Raytheon, 
general manager of the Star-Kimble 
Motor Div.. and manufacturing general 
manager of International General Elec- 
tric, Sao Paulo, Brazil. 


Sanford Evans has been appointed 
manager of Dalmo Victor Company’s 
Monterey (Calif.) Engineering Lab- 
oratory. In his new position he will 
absorb the duties of both technical di- 
rector and laboratory manager. Mr. 
Evans joined Dalmo Victor in 1955 as 
When the 
Monterey Engineering Laboratory was 
1958, Mr. Evans 


was appointed technical director. 


a servo design engineer. 


established in early 


Company Briefs 


Dow Corning Corp., Midland, Mich., 
has completed licensing arrangements 
with Westinghouse Electric Corp. to 
produce and sell silicon suitable for 
use in semiconductor 
Corning has secured patent rights and 
technological information on the Sie- 


devices. Dow 


mens-Westinghouse process of produc- 
ing silicon. 


Underwood Corp. has acquired the 
Electrofile Corp. from Johnson Fare Box 
Co., a subsidiary of Bowser, Inc., Chi- 
cago, Ill. Electrofile’s product is elee- 
tromagnetic filing equipment which 
codes, verifies, houses and automatic- 


ally selects original records. 


The General Radio Co. is moving its 
headquarters and remaining personnel 
in Cambridge to its new offices in West 
Concord, Mass., for consolidation of all 
facilities in the Concord location. 


\ Direct-Current Advanced Engineer- 
ing Center has been established in 
Collingdale, Pa., by General Electric Co. 


New designs in equipment and compo- 
nents for the conversion of electri: 
power by static means will be explored 
by the center. Stress will be placed 
on development of silicon semiconduc 
tor and mercury-arc power equipment 
for the electrochemical, steel and alumi- 
num industries. In addition, work will 
be conducted in developing power-con- 
trolled rectifier equipment for applica- 
tion in highly-regulated industrial and 
military d-c power supplies. 


Texas Instruments, Inc., has formed 
a GeoSciences and Instrumentation Divi- 
sion. The division will he involved in 
activity in petroleum exploration and 
geophysical and industrial manufactur 


v 
ing. 


Induction Motors Corp. of Westbury, 
N. Y., has changed its name to IMC 
Magnetics Corp. Gray & Kuhn, Inc., of 
Roslyn Heights, N. Y., has been ae- 
quired by IMC as a division. The new 
division designs and manufactures de- 
lay lines, pulse and blocking oscillator 
transformers and filters. 


The “POP” Rivet Division of United 
Shoe Machinery Corp. has moved to 
Shelton, Conn. from West 
Mass. The move will provide more 
manufacturing 


Medway 


space for — blind-rivet 


CURTI/S “M” Series 
Claire 


for applications 
requiring UL approval 


Moke Better — 
Connections . 
Economically~-Quickly. — 


A Type 
for every Purpose. 


Rubber 
Solves 
Design 
Problems 


Curtis “M” Series Terminal Blocks 
are offered in two series, Types 
“M" and “MT” (with marking 
tag) rated at 300 V., 15 amps. 
and Types “MA” and “MAT” 
(with marking tag) rated at 300 
V., 25 amps. Both types are avail- 
able with from one to 24 term- 
inals assembled in a plated steel 
mounting channel. 

Altho requirements of UL 
Standards differ, Types “MA” 
and “MAT” are designed to meet 
specifications for wire termino- 


WILBOW silicone rubber 
pressure strips stay resili- 
ent up to 550° in this 
Campbell Automatic 
Wrapper sealing head. 


Campbell Wrapping Machines* are recognized as 
the most versatile in industry ... thanks largely toa 
heat sealing head that assures proper sealing pressure tions made in the field. Equipped 
and temperature regardless of folds and variations in with No. 8 screws, .051” bars and 
thickness of wrapper stock. WILBOW helped de- ¥"’ creepage distance. Flexibility 
velop and supplies the precision silicone rubber pres- of built up construction permits 
sure strip inserts that make this possible. greater spacing at low cost 

WILBOW specializes in the development of Types “M” and “MT”, equip- 
molded rubber parts to meet specific design require- ped with No. 6 screws, and rated 
ments and puts a full line of the newest synthetic, at 300 V., 15 amps., are usually 
natural and silicone polymers at your service. Ask acceptable for factory made con- 
for our catalog to check the wide range of possibilities, nections, and provide equal qual- 

a cubeldiary of Feed Machinery and DS-119 and DS-127. 

953 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 


Write today. ity but lower cost 
Chemical Corporation. 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 


Sectional View of Series 
“MAT showing conveni- 
ent marking tags on 
heavy .051" terminal 
bars. 


. Note 
completely 


ng 
insulates 
screws from ¢ 


* Manufactured by the Hudson-Sharp Write for Bulletins 
The WILLIAMS-BOWMAN RUBBER Co. 


3222 North 33rd Street Milwaukee 16, Wisconsin 
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production and will integrate produc- 
tion at one location since United Shoe 
Machinery is presently located in 
Shelton. 


A modern laboratory will be built by 
Bell Telephone Laboratories at Holmdel, 
N. J., to meet the need for communica- 
tions research and development. 


Eitel-McCullough, Inc., of San Bruno, 
Calif., and Salt Lake City, is now oper- 
ating new electron-tube manufacturing 
facilities in San Carlos, Calif. This new 
site also is to serve as corporate head- 
quarters. 


The Amerelay Corp., New Hyde Park. 
N. Y., has been formed to manufacture 
microminiature relays for military 
markets. 


Facilities at the Insulating Materials 
Dept., General Electric Co., Schenectady, 
N. Y., have been extended to include 
the testing of insulation systems under 
simulated operating conditions. Work 
at the center will also include the de- 
velopment of techniques for the appli- 
cation of insulation to electrical appa- 
ratus. In some instances the center’s 
facilities will be available to customers 
who want to come in and work with 
engineers and chemists. 


Stockholders have approved a merger 
of Metals & Controls Corp., Attleboro, 
Mass., with Texas Instruments, Inc., of 


PROOF Dallas, Texas. Metals & Controls Corp. 

that you can will now operate as Metals & Controls, 
a Division of Texas Instruments, Inc. 

R LY on GI Electro Products Co., New York, has 
been purchased by Doyle Vacuum 

MODEL A Two-pole, shaded-pole motor oo Bae as 

available in various lamination thicknesses. f Cleaner Co., Grand Rapids, Mich. The 

Proved dependable millions of times over, new corporation which has been formed 

it’s the power choice of the nation’s great- a is the Doyle Electro Products Co., Grand 

name manufacturers . . . setting an amazing ; ‘ Rapids. 

performance record in countless applica- Z as 

tions from phonographs to kitchen fans to 

pumps. If dependability is your aim, Model 

“A” is your motor! 

LOCKED MAXIMUM FREE 


TORQUE TORQUE SPEED 1 
afte, tin PM , Standard Postcard return cards are provided 
3360 , ts Shaft on page 17 as a convenience to the 


: ; je ee reader in obtaining 
_ 3300 an . Paice 8 Diameter 


1817 New Components and Materials 
Additional data from the supplier 

ane of any item reviewed. 

y 











Diameter Literature for the Design 


Shaft Engineer 
; A copy of any manufacturer's 
Available publication reviewed. 





A-12-CCW 


A14Cw = = a : : if 
A-14.COW : : — 
ae a Required Feature Article Reprints 


A-16-CCW d Single copies of selected feature 
articles. 








Write today for catalog sheet and quantity-price quotations. 


Advertised Products 
ana G 3, ER A [ | N 1) H) FI RI ES AI More information on any product 


or service described. 


DerPT. GL ELYRIA, OHIO 
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Slike | (Gn: 
e Subminiature Size.. 
be Proven Reliability 


ACTUAL SIZE 


TRIMPOT MODEL 220 


You can mount 17 of these completely redesigned units in a panel area 
of just one square inch. Designed for printed circuits and modular 
assemblies, Trimpot Model 220 measures less than 3/16” x 5/16” x 1”. 
Power rating is 1 wattand maximum operating temperature is 175°C. The pe ss 

new all-plastic body is sealed by a special process, and the unit meets B OU Eu IN Ss 

or exceeds Mil-Specs for humidity, salt spray, fungus, sand and dust, 

as well as acceleration, vibration and shock. Self-locking 15-turn shaft Inc. 

insures sharp, stable settings...exclusive Silverweld* fused-bond 

terminal and ceramic mandrel provide extreme stability. The Model P.O. Box 21126, Riverside, California 
220 is available in a wide variety of resistance ranges and a choice of 
two terminations—gold-plated Copperweld wire or insulated leads. 


Stocked by leading electronic distributors across the nation, these 


units are ready for immediate delivery. Write for complete technical 
data and list of stocking distributors. AVAILABLE AS PANEL MOUNT 
UNIT with same specs as above. *Trademork In Canada: Douglas Randal! (Canada), Ltd., licensee 


Exclusive manufacturers of Trimpot®, Trimit®. Pioneers in potentiometer transducers for position, pressure and acceleration. 


Plants: Riverside, California 
and Ames, lowa 
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Economical 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding procedure 
permits economical incor- 
poration of terminal designs 
into the molded part. Thus, 
costly secondary operations 
are eliminated and you gain 
further economies. 

If your specifications include 
dimensional stability, min- 
iaturization and high dielec- 


Data brochure tric strength 


and samples 
sent on request. Get the facts on 


COSMO NYLON BOBBINS 
SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada 


eae on ee eee e ee ee <4 
» wesrT a) sTReEeEeET ° an 5597 . CLEVELAND y (eee eee) 
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ERM Leah ee metas 


offer you reliable service ... Longer 


Durakool products minimize wear from 

arcing and have virtually eliminated 

destructive heat rise (less than 50°C rise 

Tihed Bown ON ambient) and corrosion. Contacts 

ON operate under sealed in (50 p.s.i.) hydro- 

gen gas. Result: unequalled durability on 

Tilted Up heavy or light loads as well as highly 

OFF inductive, incandescent D.C. loads. The 

Durakool steel-clad (non-breakable) mer- 

cury relays and switches are built for 
continuous fast-cycling schedules. 


Timer-relay service life has increased colt colt 

up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED 
designed to stay free, making unit 

practically “fail-safe.” Tilt switches 

come in .7 sizes, 1 to 65 amperes. 

Timer relays available in any combi- 

nation of operate-release-time-delays 

from 0.15 sec. to 20 sec.—normally 

open or normally closed action. 


For more information 
on timer-relays and switches, write: 


DURAKOOL, INC. 


alin Durakool 


Avenue Toronto, Ontario 


30) Fifth Ave., So., Minneapolis, Minn, ALL STEEL MERCURY SWITCHES 
4747 Bronx Bivd., New York 70, WN. Y. 
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Engineering 
Standards 


AIEE Standards 


The following AIEE Standards have 
been released: 


Test Procedure for Evaluation of the 
Thermal Stability of Enamelled Wire 
in Air, AIEE No. 57. 

Report on Guide for Statistical An- 
alysis of Test Data, AIEE No. 1F, con- 
cerns analysis of life tests on motor- 
ette insulation systems at various 
temperatures. Sample calculations 
and work sheets are included. 

Test Procedure for Toroidal Mag- 
netic Amplifier Cores, AIEE No. 432. 
Test Code for Carbon Brushes, AlEE 
No. 504. 


Recommended — Specifications _ for 
Speed Governing of Internal Com- 
bustion Engine-Generator Units, 
AIEE No. 606. 


Copies may be obtained from Ameri- 
can Institute of Electrical Engineers. 
33 W. 39th St., New York 18, N. Y. 


NEMA Standards 
The following NEMA Standards Pub- 
lications are available: 
Industrial Heating Units and Devices, 
HU 1-1959. 30¢ 
Precision Snap-acting Switches, 
IC 3-1959. 30¢ 


Color Coding of Wires and Cables, 
WC -1959. 30¢ 


Copies may be obtained from Na- 
tional Electrical Manufacturers Asso- 
ciation, 155 E. 44th St., New York 17, 
N. Y. 


ASA Standards 


The Following ASA standard is avail- 
able: 

ISO Recommendation R31, Part 2, 

Quantities and Units of Periodic and 

Related Phenomena. $1.20 

The Recommendation is the second 
part of an international agreement on 
units and symbols for quantities used 
in fields of science and technology. 

Also available: 

1959 Price List and Index of Ameri- 
can Standards. No charge. 

Thirty-page booklet describing the 
International Electrotechnical Commis- 
sion (IEC). (The U.S. National Com- 
mittee of the IEC is an arm of the 
ASA.) No charge. 

Copies may be obtained from Ameri- 

(Continued on page 165) 
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Heavy duty transmission design simplified. On this dual axle drive 
for trucks, a Truarc Series 5107 ring locks bearing on drive shaft. Interlocking 


ring design won't dislodge under heavy torque. . 


high rpm. applications. 


Rings replace machined 
shoulders, collars, set screws. 
That's what original design of this 
pneumatic temperature transmitter 
called for. Series 5139 Prong-Lock® 
ring with bowed design compensates 
for accumulated tolerances in parts, 
provides sufficient friction to prevent 
rotation under vibration. At the same 
time two Waldes E-rings position and 
lock adjustment screw to face plate. 


. is also recommended for 


Reinforced aluminum ring 
gives design advantages on 
louver windows. Waldes Truarc 
Series 5144 reinforced rings of alu- 
minum secure hinge pins, eliminate 
costly riveting in linkage of louver type 
window. Ring design provides large 
bearing shoulder. Reinforced construc- 
tion has 5 times the gripping strength 
of standard E-ring construction, allows 
use of non-corrosive aluminum. 


Ring acts as locking shoulder. Holding the threaded ferrule on this 
potentiometer shaft is a Truarc Series 5103 Crescent® ring. Crescent ring 
design with low shoulder provides ample clearance for assembly of panel 
locknut. It is less costly than a machined shoulder, more effective, quicker to 
install, easier to remove than the C washer previously used. 


TRUARC RETAINING RINGS.. 
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Designing with 
radially assembled 
Waldes Truarc 


retaining rings 


solve varied product design problems—save 


machining, materials, parts and labor 


Radially assembled retaining rings, which snap onto a 
shaft at right angles to its axis, greatly extend the range 
of products on which retaining rings may be used to 
simplify design and save parts or labor costs. 

For example, rings for radial assembly can be used 
in applications where it is impossible to install a ring 
axially over the end of a shaft. Certain types are de- 
signed to accommodate shafts of relatively wide toler- 
ances. Others described below may be used to provide 
a sizeable shoulder on a shaft. 

The four applications shown here provide an indica- 
tion of the wide range of products using radially assem- 
bled rings. The rings themselves are basic Truarc types 
each having specific design features. The high shoulder 
of one provides a large bearing surface on small diam- 
eter shafts; the low shoulder of another is ideal where 
clearance is limited. A third has an interlocking design 
which prevents it from being dislodged under torque or 
high rpm. A fourth can be used against rotating parts at 
the same time it provides spring tension. 

These are but four of Truarc’s fifty functionally differ- 
ent types of retaining rings with up to 97 sizes within a 
single type, six metal specifications and thirteen differ- 
ent finishes. Special hand, magazine, and semi-auto- 
matic applicators as well as grooving tools are also 
available to speed production. The entire line, together 
with over 70 typical applications, is described and illus- 
trated in the new catalog RR10-58—yours for the asking. 
And call on us for design assistance on your specific 
project ...a Waldes Truarc engineer will be glad to help. 
Waldes Kohinoor, Inc., 47-16 Austel Place, Long Island 
City 1, N. Y. 
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O TRUARC 


RETAINING RINGS 


Waides Kohinoor inc., Long isiand City 1, N.Y. 
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General Plate Clad Metals 
IMPROVE PERFORMANCE — CUT COSTS 
In Semiconductor Applications 


SILICON TRANSISTOR GERMANIUM TRANSISTOR GERMANIUM POWER TRANSISTOR 


.£a0 wires 
. ESRedh' Uco novan COPPER CORREO KOVAR 
BASE TAS A. 1nOtUM COT, 
ALUMINUM CLAD TANTALUM ——— AOE TAB ENCLOSURE GERMANIUM 
GOLO@ANT I MONY  — | | / TIN CLAD NICKEL sTec. CRYSTAL 
CLAD ALLOY 56 ] i 


q Ke 
}- ENCLOSURE BASE 
SRE copran | Tim CLAD COPPER STEEL CLAD 


ag 
—{r- Tr — I cee = aaa 
A SILICON CRYBTAL A\- — GERMANIUM CRYSTAL oe 


ALUMINUM DOTS inotum ooTs 


LEAD wires 
HERMETIC SEAL HEADER HERMETIC SEAL HEADER COPPER CORED 52 ALLOY 
MOVAR+HARO GLASS SEAL KOVAR + HARD GLASS SEAL 


ee ee ee nae 


| BASE TAB MATERIAL ll} LEAD WIRE MATERIAL 


A For Germanium (Single Clad Only) . Copper Cored Rodar (Soft Glass Seals) 
Tin Clad Nickel i . Copper Cored 52 Alloy (Compression Seals) 
Tin Clad Alloy 30 (42% Nickel-58% tron) Copper Cored 446 Stainless Steel 
63.2% Lead-35% Tin-1.8% Antimony Clad Nickel . Nickel Clad Copper Wire 
63.2% Lead-35% Tin-1.8% Antimony Clad Alloy 30 - Copper Clad Nickel Wire 
63.2% Lead-35% Tin-1.8% indium Clad Nickel 
63.2% Lead-35% Tin-1.8% indium Clad Alloy 30 
99% Tin-1% Gallium Clad Nickel 
98% Tin-2% Antimony Clad Nickel s. 
95% Tin-5% Antimony Clad Nickel s & iil WHISKER WIRE MATERIAL 
Tin Clad Steel 
Tin Stripe on Nickel 1. 95% Platinum-5% Ruthenium 
Tin Clad Titanium ‘ 2. 99% Gold-1% Gallium 
3. 99.5% Gold-.5% Antimony 
4. 90% Platinum-10% tridium 


—-Swenwowewn = 


nm 


B For Silicon (Single or Double Clad & Stripes) 


**Solder IV BASE MATERIAL 

Gold 
99.5% Gold-.5% Antimony 

. 99% Gold-1% Gallium 

. 95% Gold-5% indium 
99.9% Gold-.1% Boron 
99% Gold-1% Aluminum 
99% Gold-1% Arsenic 
Fine Silver 
99.5% Silver-.5% Antimony TB I 2 ek he es maa abs, MY 
95% Silver-5% indium 


Aluminum | V ENCLOSURE MATERIAL 


High Purity Aluminum 


Aluminum Killed Low Carbon Steel Clad Copper 
Stainless Steel Clad Copper 

. Nickel Clad Steel (Nifer)x 

. Nickel Clad Copper 

. Nickel Clad Tantalum 

. Silver Clad Tantalum 

. Aluminum & Nickel Double Ciad Tantalum 


1. Tin Clad Copper 

2. Glass Clad Nickel Silver 

3. Tantalum Clad Nickel Silver 
BASE METAL 


Nickel 
Alloy 20 (40% Nickel-60% Iron) 
Alloy 30 (42% Nickel-58% tron) If you are seeking metals with useful characteristics that 
Kovar can’t be found in a single metal or alloy, investigate clad 
Titanium metals. General Plate Clad Metals do what other metals can’t. 
Tantalum Made by metallurgically bonding single metals or alloys to 
Molybdenum other metals in the solid state by exclusive processes*, the 
. Silver composite metals give you the combined advantages of the se- 
. Platinum lected metals and can yield new advantages such as lower cost, 
better fabricating qualities, improved parts performance, etc. 
The General Plate Clad Metals for semiconductor applica- 
tions described here comprise only a partial listing. To find out 
more about these or other combinations to meet your specific 
**NOTE: These solders may be single or double requirements, write directly to Industrial Metals Product 
clad on any of the base metals listed above. Manager, or request our special catalog on clad and solid 
Solders in group B may be purchased unclad. metals for electronics applications. 


RA OIE OE ROE CELE A A Ne ON AAO TS AE i RO NA OES Me wh 


Coon Owe wnrn 


*Patented processes of Metals & Controls Corporation. 


METALS & CONTROLS 


1906 FOREST STREET. ATTLEBORO, MASS .U SA 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts « Truflex@ Thermostat Metal « Platinum Metals e Reactor Metals « Radio Tube & Transistor Metal’ 
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can Standards Association, Dept. PR 


z ” as 
64, 70 East 45th St.. New York 17. N. Y. Specially designed with the 


ASME Standards 


ee = 
Section 10 (Metal Stampings) of the | 
American Drafting Standards Manual if il 4 
has been approved by the ASA and 
published by ASME as American Stan- 
dard Y14.10-1959. Copies are $1.50 
each. Sections 1 through 7 and 9 and 11 
have been published previously by The 
American Society of Mechanical En- 


gineers, 29 W. 39th St., New York 18. 


EIA Standards 


Two new recommended Standards are 

available: 
RS-216—Standard Method of Test 
for Adhesion of Printed Wiring (this 
Standard, from Standards Proposals 
Nos. 484 and 581, is new material). 
50¢ 
RS-217—Wound Cut Cores (this 
Standard, from Standards Proposal 
No. 584, is new material). 60¢ 
RS-218—Metal-Encased Fixed-Paper 
Dielectric Capacitors for D.C. Appli- 
cation (Revision of TR-113-A). $2.50 
RS-209-1—-Standards for Electron 
Tubes (Addendum No. | to R$-209). 
Contains sections on dimensional 
characteristics; bases, caps and 
terminals; gages. 


Copies may be obtained from Elec- TYPICAL EQUIPMENT LTRIC line of 


tronic Industries Association, Engineer- 


na” yr pag ndig ry POWERED BEST BY 
ing Dept.. 11 W. 42nd St., New York 36. 3 A 1 DOR motors 
BALDOR MOTORS t 


Blowers 4 
No guesswork here! Now you can stop 


» 
Book Revi PWS Fans fitting the machine to the motor. 


Ventilators Famous Baldor Streamcooled- Motors 
featuring TEFC construction, are engi- 


Fluid-Power Controls. John J. Pip- Agriculture dryers, 3 siaaaail 
penger and Richard M. Koff. Me- cleaners, separators neered and designed to fit specific ap- 


Graw-Hill Book Co., Inc.. 330 West 42 * 
St.. New York 36, N. Y. 252 pages, Conveyors 


% * 
— eee Woodworking power and performance to make your 
This book concerns itself almost machinery 


wholly with control valves for hydraulic : equipment operate at top efficiency. 
circuits but does not include any in- Abrasive saws 

formation on servo type valves. Begin- (masonry & steel) ; 
ning with a chapter on_ pressure : Baldor representative near you who will 
generators, the authors deal with pres- Pumps be happy to show you how this “tailored- 
sure-limiting devices, minimum pressure 
valves, pressure reducing valves, pres- 
sure switches, check valves, load-control 


plications—your guarantee of getting the 
one right motor that will deliver the 


There’s a highly trained and experienced 





Compressors to-the-job” type of engineering can help 


cut costs and improve the performance 


¥ 
valves, directional control valves, 4-way Machine tools of your equipment. Contact him direct 


pilot valves, valve manifolds and fluid- 
power plumbing. Life expectancy of 
the components, advantages and limita- 
tions in service and optimum choice of 


component design are treated objec- oe, ae ——— ee 
tively. F » a; & 
The test 


is largely descriptive in 


character and systems are treated only ELECTRIC COMPAN Y 


by way of circuit diagrams. The text 4353 Duncan Avenue . St. Louis 10, Missouri 


° largely devoid or mathematics. Its Over 500 Authorized Sales & Service Distributors in U.S. A. 
chief value is in defining the operating District Offices: Atlanta Chicago « Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn. 
characteristics of available components Los Angeles « Milwaukee « Minneapolis « New York » Kansas City, Mo 

| Oakland « Philadelphia « Portland, Ore. « Syracuse 


or write to... 


for hydraulic systems. 
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TETRASEALS 


Go Cathe 


If you haven't discovered 
TETRASEALS, you'll be amazed 
at the ways these rectangular- 
section rings can save you 
money and render outstanding 
performance . for static, 
and even some moving applica- 
tions. Interchangeable with 
standard O-rings, TETRASEALS 
use the same groove, require 
no special tooling, and are one- 
piece (non laminated). 


Remember, only Goshen can 
supply TETRASEALS, to su- 
percritical tolerance, in 
natural, synthetic and 
silicone compounds to 
meet MIL, AMS, SAE, 
ASTM and industrial 
specifications. 


Let a Goshen representative explain the cost and 
function advantages of TETRASEALS to you, or 
write for Technical Bulletin No. 11. 
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Construction and Use of Alignment Nomograms 


(Continued from page 115) 


linear scale (Fig. 8) and transfer to the alignment nomo- 
gram the interpolated or extrapolated points obtained 
via the added calibration of the third scale (Fig. 7). If 
desired, convert these points to interpolated or extra- 
polated curves in the original concurrency nomogram 
(Fig. 6). 

Alignment nomograms have definite advantages. They 
are easier to fol_ow than concurrency nomograms (com- 
pare Figs. 6 and 7. for instance). They tell the reader 
at a glance in which direction and how much he should 
vary the independent varables in the nomograms to 
obtain a desired value for the dependent variable and 
they eliminate lengthy and repeated calculations. The 
nomogram reduces the number of steps required to ob- 
tain the desired value. and it permits accurate inter- 


polation and extrapolation. 


Cited References 

1. “The Transformation of Families of Data Curves to Align 
ment Nomograms With Applications to Stress Data,’ A. L. 
Levens, Society for Experimental Stress Analysis, Paper 452, 
1957. Annual meeting, October 9-11, San Diego, California. 
. “The Graphical Transformation of Curves into Straight Lines 
and the Construction of Alignment Charts,’ A. Wertheimer. 
Journal of the Franklin Institute, Vol. 219, March 1935, 
pp 343-365. 

3. Stress Concentration Design Factors, R. E. Peterson. John 
Wiley & Sons, New York, 1953, p 76. 

1. Ibid., p 74 


S) aS 
26D 
10 AMP. 


ALL 
STANDARD 
VOLTAGES 


(6, 12, 24, 115, 
230; AC and DC) 


SHIPPED 
SAME DAY 
ORDER IS 
RECEIVED 


KURMAN 


MINIATURE 
POWER RELAY 


FEATURES 

¢ Clear polystyrene dust-proof enclosure 
¢ Up to3 PDT, 10 amp. contacts 

e AC or DC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 13%” sq. x 2,4" high 

¢ Octal or 11 pin plug-in 


STOCKED BY LEADING DISTRIBUTORS 
FROM COAST TO COAST 
For immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 


Division of Norbute Corp. 
Quality Relays Since 1928 
191 NEWEL ST. 
BROOKLYN 22, N. Y. 
Export:135 Liberty St,N.Y. 
Cable: TRILRUSH 


SEND FOR CATALOG 
Peoeeceeeeceseeee 
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PHOTO BY HARSH OF awa 


**To achieve best design results —we must 
have steel of consistent quality”’ —J. W. HUBLER, vice president engineering, 


Macomber Incorporated, Canton, Ohio. 


“Engineers of construction products rely heavily on sources of material supply” —says J. W. Hubler, 


vice president of engineering at Macomber, one of the nation’s foremost manufacturers of steel joists, 
roof decking, and structural steel framing. 


“Because the relation of strength to weight is vitally important in the construction business, we 
design to give the architect the strongest, lightest, easiest-to-use product possible. To do this we must 
be sure the steel is right—every inch of it. For steel of consistent analysis and quality, we can rely on 
Sharon Steel Corporation, Sharon, Pa.” 


<<onss> SHARON Ouolty STEEL 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELectrica 
ManuracturineG, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular Execrrican Manurac- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


Construction and Use of Alignment 
Nomograms. June 1959, 5 pages. 
The advantages of alignment 


nomograms over Cartesian curves 
for many engineering purposes are 
related. Specific procedures for 
constructing alignment charts are 
outlined, with supporting examples 
being given. 


(731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components. June 
1959, 5 pages. A review of major 
types of pressure-sensitive electrical 
tapes, with emphasis on new tape 
materials and their effect on appli- 
cation problems. Areas of applica- 
tion are summarized and _ test 
methods listed. (703) 


Clad and Laminated Metals—Their 
Design Potentials. June 1959, 7 
pages. Presented are examples of 
areas of application of combined 
metals. Combinations by cladding 
and laminating give, for certain 
applications, a superior product 
which yields the best properties of 
each constituent metal. Treated in 
this article are the precious and 
rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching 
as it is applied in machine contro] 
systems. Includes theory of switch- 
ing circuits and how various types 
of devices are used. Units supplied 
by various manufacturers are also 
described. (714) 


How to Specify Insulating Varnishes 
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ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
] Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


For Equipment Reliability, May 
1959, 6 pages. Major insulating 
varnish types are identified, their 
properties and application areas 
evaluated, and compatibility with 
other elements of electrical systems 
analyzed. Emphasis is given to in- 
sulating varnishes as key com- 
ponents in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Load Factors in Selection of Eddy- 
Current Drives, April 1959, 7 
pages. The various forms of eddy- 
current couplings and brakes have 
particular characteristics. These, to- 
gether with the nature of the me- 
chanical load, must be considered 
in selecting drive components and 
electrical controls for a drive. Load 
and drive factors are discussed to 
illustrate drive selection. (727) 


High-Temperature Characteristics of 
Thermosetting Laminates. April 
1959, 6 pages. Representative 
grades of NEMA plastics laminates 
(including the phenolic, polyester, 
silicone and epoxy-resin types) have 
been evaluated at the Johns Hop- 
kins University for electrical and 
mechanical properties at tempera- 
tures through 250 C. The results of 
this evaluation are summarized in 
this report, including tabular and 


chart data. (706) 


Editorial Index to Electrical Manu- 
facturing for 1958, 24 pages. This 
yearly subject-classified index is 
completely annotated. Includes an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject-clas- 
sified index to all the feature arti- 
cles, this booklet provides an author 
index and also reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and the 
Alphabetical Subject Cross Index. 

(737) 


Progress in Micro-Module Develop- 
ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing significant ac- 
complishments in the Signal Corps 
Micro-Module Program. Details of 
micro-element development are 
given and preliminary modules 
and modular assemblies are illus- 


trated. (736) 


Electromagnet Copper-to-Iron Ratio 
for Optimal Design, March 1959, 
4 pages. The design of an electro- 
magnet by analysis instead of by 
successive approximation permits 
determining the best ratio of cop- 
per to iron. Details of the method 
are illustrated using a continuous- 
duty d-c tractive magnet as an 
example. (720) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magne- 
tism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 
netic devices. (702) 


A Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in Dielectrics — 
1958, January 1959, 10 pages. Re- 
view and interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
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the right capacitor for the application... 


your job...and Centsalab’s 


choose from #482}. 8 452 2) 
of Centralab 


FEED-THRU 


in a wide range of values, voltage ratings, CAPACITORS 
tolerances and physical sizes 


Wherever you need a feed-thru capacitor, you can be sure that CENTRALAB can 
meet your needs. The table below shows the many varieties that make up the 
most complete line in the industry—and you get the added benefit of 
CENTRALAB’S unequalled experience in the design and manufacture of ceramic 
capacitors. Whether it’s for high frequency, filtering, bypass, or coupling, you'll 
find the unit you need in this group. 

CENTRALAB Engineering Bulletins (FT Group) give you all the details. Write 
for your copies today. 


ACTUAL SIZE ——— 
TYPE ILLUSTRATION + APPLICATIONS 


Bushin 
“ANT High frequency 
filtering, bypass, etc. 
= 5% tolerance 


Bushing type in lower values 
DA-720 a 10-5000 500-1500 1000-3000 
Step type ar 
aN 8 bypass, TV tuners, etc. 
+ 10% 


Step type 
DA-729 


tolerance 
Spare hasta a : / 
IN H H 1000 
Ring type 
DA-740* 10-1000 900-1300 Symmetrical design. 
Inserts from either 
end . . . ideal for 
Ring type automatic insertion 
DA-741* 10-1000 900-1300 
Eyelet type 
DA-784 25-1000 500 1000 
For high frequency 
Eyelet type filtering and 
DA-785 —f — 25-1000 500 1000 bypass, where size 
; is important 


Eyelet type 
DA-787 


Resistor-Capacitor 


Resistor- 
Capacitor 
type 732 


470 gmv. 
.3 to 1.0 meg. only 


in parallel. 
** 1500 VAC test when 
immersed in Silicone 


oil cooled with dry ice. 


*patents pending tUnits marked t are % actual size 


A Division of Globe-Union Inc. 
962F E. KEEFE AVE. @© MILWAUKEE 1, WIS. 


In Canada: 669 Bayview Ave., Toronto 17, Ont. 
nh 


VARIABLE RESISTORS « ELECTRONIC SWITCHES « PACKAGED ELECTRONIC CIRCUITS » CERAMIC CAPACITORS « ENGINEERED CERAMICS 
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trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 


rE systems, radiation effects, and re- 
lation of molecular structure to 


Es Ts 


properties. (729) 


Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 
permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An- 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 


case. (701) 


Techniques of Cooling Electronic 
Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 


CLEVELITE’S dependable combina- both theoretical and practical sides 


: . : of heat removal in electronic equip- 
tion of Electrical and Physical Prop- ment. Part I covers cooling theory 


erties have made many different and methods and _ techniques. of 
‘ ETT temperature measurements. Types 
kinds of products B ER... at of cooling are discussed. Part II 


LOWER cost. relates theory to heat removal in 


CHOICE OF 7 TIME-TESTED GRADES specific electronic parts and equip- 
ete Sueuied Cumpestios ments, also analyzes the practical 


application of various methods of 
E Improved post-cure fabrication and cooling, such as forced convection, 
stapling; 


. direct liquid coolants, liquid and 

EX Special punching grade; vapor cooling, direct vaporization 

EE Improved general purpose; coolants. Tabular data and graphs 

EEX Superior electrical and moisture ab- are included. (712) 
sorption properties; 

EEE Critical electrical and high voltage Perforated Storage Media, December 

application; 1958, 9 pages. Survey of primary 

XAX Special grade for government phe- punched tape and card system: 

nolic specifications; early development, current media 

SLF Special for very thin wall tubing hav- formats and dimensions, compati- 

ing less than .010 wall. bility problems, standardization 


Available in diameters, wall thicknesses progress, sources of perforated 
and lengths as required. record equipment. A basic _refer- 


Write for latest CLEVELITE broch ' ence for engineers designing or in- 
r or lates rochure; also aenntl tl Ri sia tian aR ae 
samples of the tubing tegrating machine systems utilizing 


; ; punched cards or tape for pro- 
* Reg. U.S. Pat. Off. gramming or data storage. (705) 

Designing with Stainless Steel, De- 

cember 1958, 8 pages. Presented 

are the properties of stainless steel 


important in equipment design. Ap- 
plications of stainless steel, with 
PLANIS& = THE on case histories, are illustrated. Ex- 


SALES OFFICES: eanana. on. amples include appliances, instru- 
ono [ EVE lA H | [ | NTA | H f eenscon, owt ments, computers and other elec- 
memos SALES OFFICES: tronic products. A stainless stee] 


PLYMOUTH, Wis NEW YORK selector chart is included. (709) 
sameseura. % 1 6201 BARBERTON AVE. + CLEVELAND 2, ca ere es 


FAIRLAWN MONTREAL 


ABRASIVE DIVISION at CLEVELAND. OHIO ly Volt-Ampere Graphical Analysis, De- 
cember 1958, 5 pages. A descrip- 
REPRESENTATIVES: ° 
NEW ENGLAND: R S&S PETTIGREW & COMPANY CHICAGO: McFARLANE SALES COMPANY tion of the use of the volt-ampere 
10 N MAIN ST, W HARTFORD, CONN 5950 W. DIVISION ST. CHICAGO characteristic of a device combined 


NEw YORK THE MURRAY COMPANY, 604 WEST COAST COCHRANE BARRON CO., 544 : ‘a 7 > 
CENTRAL AVE, E ORANGE, N Vv S MARIPOSA AVE, LOS ANGELES with an electrical interrogation of 
PHILADELPHIA: MIDLANTIC SALES COMPANY. CANADA: PAISLEY PRODUCTS OF CANADA 
© E. ATHENS AVE. AROMORE, PA LTO, BOX 158 — STATION "H", TORONTO (Continued on page 173) 
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A complete 


ESSEX® line of 


APPLIANCE WIRE 
AND CABLE 


Samples Approved by CSA — Bears UL Label 


SOLVES ALL YOUR 
W/RE AND CABLE 
NEEDS QUICKLY, LEAD WIRES 
ECONOMICALLY...AND Thermoplastic, Rubber 
ON SPECIAL PROBLEMS — 
CALL YOUR LOCAL INTERNAL REFRIGERATION, 
ESSEX OFFICE FOR HELP ROOM COOLER AND AIR 
‘es cial ihe CONDITIONING WIRES Sher tse Engineered 
BESTTYPEAND SIZE OSE SETVES CONES SUBMERSIBLE CABLE 


FOR YOUR APPLICATION FLEXIBLE CORDS AUTOMOTIVE CABLE 
HEATER WIRE WELDING CABLE 


Con 


ESSEX WIRE CORPORATION 


Wire and Cable Division 
FORT WAYNE, INDIANA 
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WHY DO LEADING MACHINE TOOL DESIGNERS 
SPECIFY REULAND PRECISION 
MACHINE TOOL MOTORS? 


The answer is that these men know Reuland Precision 
Machine Tool Motors are made specially, and only, for 
machine tool use. Not just another motor that can be 
“adapted to fit,”” but a completely new concept that 
finally achieves the vibrationless operating character- 
istics so vital to precision machine tool operation. 


Dynamic Balancing at our factory tunes every motor 
to the jewel-like perfection of a fine watch. Bearings On 
Each Side Of Rotor hold it solidly in dynamic position 

..lock this true balance in forever once it is achieved. 
Radial Air Gap Design permits the use of a light, narrow, 
low inertia rotor which, in turn, assures smooth starts 
and quick stops. The motor’s overall length is also re- 
duced to give it a thinner “wafer” effect. Fin-Type Cast 
Aluminum Alloy Frames dissipate. heat approximately 
three times faster than cast iron. Smooth Castings and 


Pleasing Lines are the exterior quality trademarks. All 
surfaces are specially processed for smoothness and are 
given a fine, baked enamel finish. This fine-quality finish, 
together with the motor’s naturally pleasing lines, assures 
a harmonious blend with the lines of every machine tool 
on which it is mounted. (When desired, the motor’s 
frame size can be varied to fit an exact contour of your 
machine.) All Heavy Duty Ratings... % h.p. through 10 
h.p....are available in totally enclosed fan-cooled and 
totally enclosed non-ventilated types...either continuous 
or intermittent duty. 


SEE WHAT REULAND CAN DO FOR YOU...by actually testing 
a Reuland Machine Tool Motor on your machine. So 
sure are we that you will like what you see, we are eSering 
to engineer a demonstration unit to your 

equipment without the slightest obligation. 

Just write us. 

Our new 8-page brochure “MODERN POWER 

FOR MODERN-DAY PRODUCTS’’ will be helpful 

in your work. Sent free on request. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


Western Division: Alhambra, Calif. 
Eastern Division: Howell, Michigan 
Distributors in all principal cities 
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the device and its lead to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important too) 
for every design engineer. (740) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys 
November 1958, 5 pages. Normal! 
magnetization curves, saturation in 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to +250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No 
vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and illustrated. (735) 


Electronic Materials and Components 
for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and the 
earth’s magnetic field. (710) 


Treating Transfer Functions on Ana- 
log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer. (728) 

(Continued on page 174) 
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| TY OE U general-purpose rugged power relay em- 
ploying single coil construction and box- 


type magnetic field. Movable contact springs. Positive contact 
alignment. Available contact forms from 1C to 5C. Can be 
supplied for either AC or DC applications. Sturdily made. 


sensitive 
miniature 


relay 


Type TQA is a very 
compact efficient relay, 
ideal for DC operation at 20 to 100 milliwatt 


sensitivities. If shock and vibration 


| are negligible, 15 milliwalt sensitivity per pole is available. 


Can be supplied hermetically sealed. 


Send for details and free Comar catalog. 


COMA 


ELECTRIC COMPANY 
\ | 3349 ADDISON ST., CHICAGO 18, ILL. 


. (].<° 
} “RELAYS * SOLENOIDS © COILS * SWITCHES * HERMETIC SEALING 
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EOS 
Photocircurts 
printed circuit cards 


Vital Component in Sage Air Defense Computers 


The Sage System, vital to our nation’s security, relies on IBM-built 
computers to display accurate pictures of hostile and friendly 
aerial action. 

IBM uses printed circuit cards with plated-thru holes by PHOTO- 
CIRCUITS to help do the job. IBM experience indicates that 
through-circuitry—using both sides of a printed card—saves space 
and costly assembly time. 

Printed circuit cards by PHOTOCIRCUITS have plated-thru holes 
that help eliminate troublesome intermittents caused by vibration 
and temperature changes...increase solderability, too. 


PHOTOCIRCUITS produces reliable printed circuit cards... builds 
them with strength to spare for all applications. 

“Bonus” copper, on the right-size hole wall, is just one of the rea- 
sons you can depend on PHOTOCIRCUITS printed circuit cards. 
Proper design, precision production, and advanced quality control 


techniques are others. All add up to outstanding reliability... 
often at lower cost. 


Check the advantages of printed circuit cards with plated-thru 
holes by PHOTOCIRCUITS...the largest and most experienced 
manufacturer in Printed Circuitry. For full information, write 
our Engineering Department PS-1 today. 


PHONES 
GLEN COVE 4-8000 
FLUSHING 7-8100 

CABLE 

PHOCIRCO 
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Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
piv, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 
Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic. 
ferritic and austenitic alloys are 
reviewed. (725) 


Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The re- 
sults of a program fer evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Dynamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


British Magnetic Amplifier Develop- 
ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
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New steels are 
NO gime) 
Tania) 


Improve Efficiency, Cut Cost of High Frequency Components 
with Armco Thin Electrical Steels 


AIRCRAFT 


Servo-mechanisms 
Motors 

Magnetic amplifiers 
Converters 


TV 


Deflection yoke cores 

Fly-back transformers 

Horizontal- and vertical-sweep 
transformers 


RADIO 


Audio-frequency filters 
Frequency modulators 


CONTROL 


Timing pulse generators 

Impulse-storing and memory 
devices 

Charging reactors 

Magnetic amplifiers 

Intermediate frequency 
transformers 


High permeability silicon steels in 1 to 7 
mils thicknesses lower energy loss, per- 
mit reductions in core dimensions and 
weight of equipment. 


Armco Thin Electrical Steels provide a unique 
combination of exceptional magnetic and physical 
properties that create opportunities to produce 
better high frequency electrical and magnetic 
equipment at less cost. 

In addition to exceptionally high permeability 
and low hysteresis loss, assured by precise proc- 
essing and control, these special Armco Steels 
give you: 

High lamination factor and gage uniformity. 
Smoothness, flatness, close tolerances, and edge- 
to-edge gage uniformity mean maximum effici- 
ency and most effective use of core material, 
simplify fabrication. 

Minimum interlaminar loss. Armco processing 
produces a thin, smooth. insulation of high re 
sistivity that is not affected by the recommended 
stress-relieving anneal. 

Assured results. Magnetic properties are fully 
developed at the mill. You design with extensive 
data that permit most efficient balance of per- 
formance and cost. 

Three different grades enable you to make 
maximum use of the advantages of Armco Thin 
Electrical Steels: 

Armco TrAN-Cor® T—7 and 5 mils, 
non-oriented 

Armco OrIiENTED T—4, 2, and 1 mil 

Armco Ortentep TS—4 mils, super-oriented 

For more information on the applications of 
Armco Thin Electrical Steels or design data, write 
Armco Steel Corporation, 2319 Curtis Street, 
Middletown, Ohio, 


STEEL 


Armco Division + Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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paaD 
acne Pei 


it Bal 


TSI vy 
PRESSBOARD 
INSULATION 


combines bette 
enter tea 
with uniformit 
iOW Cost 


Zs 


YES, 
each of the 
three grades 

gives you a wide 
choice of thicknesses. 
No metal particles! 
100% virgin kraft 
stock is used in all. 
They can save 
production money 
for you. 


PRESSITE . jor Air ...O. 
Askarel Trans formers. An absorbent, 
unsized board of 100% virgin kraft 
stock free of metallic particles. 
Excellent dielectric, physical and 
chemical properties. Thicknesses: 
.031" to .250". Color: natural kraft. 


ELECTRITE . . . Harder Board for 
Variety of Punchings. A high grade 
board treated with natural rosin 
size for moisture resistance. High 
tensile strength. Punches clean. 
Thicknesses: .031" to .250". Two 
colors: brown and black. 


DENSITE... Extremely Hard Board 
. . Sized or Unsized. Used by many 
manufacturers to replace more cost- 

ly types of insulation. Thicknesses: 
.031" to .125". Color: natural kraft. 


Write: Board Products Sales, 
West Virginia Pulp and Paper 
Company, 230 Park Ave., New 
York 17, N.Y. 


West Virginia 
Pulp and Paper 
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circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 


wave amplifier, full-wave d-c power | 
bridge full-wave | 


(732) | 


supply, and a 
auto-self-excited amplifier. 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958. 


16 pages. A comprehensive, fully- | 


illustrated guide to the various 
mechanical fasteners that are ap- 


proved for use on military electronic | 
equipment. Sources of supply, mili- 


tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


ITC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10—-$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send | 
check with order payable to The | 
Gage Publishing Company, 1250 | 
Sixth Ave., New York 20, New | 
York. (724) 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining — 


New Components and Materials 
Additional data from the sup- 
plier of any item reviewed. 

Literature for the Design 

Engineer 
A copy of any manufacturer’s 


publication reviewed. 
Feature Article Reprints 
Single copies of selected feature 
articles. 
Advertised Products 
More information on any prod- 


uct or service described. 


STROMBERG-CARLSON 


TELEPHONE 
HANDSETS 


. for your voice communication needs. 


These “push-to-talk” handsets are of 
the most modern design available. 

If your applications are in ¢ mo- 
bile radio ¢ intercom systems ¢ car- 
rier and microwave °¢ aircraft and 
railroad specify Stromberg-Carl- 
son handsets. 

No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter. 

No. 28: “push-to-talk” handset. 
Rocker-bar switch; various spring 
combinations. 

Both models available with stand- 
ard or high-gain transmitters and re- 
ceivers. Superior to any other hand- 
set on the market. 


Modern handset cradle 
for mobile or panel use 


Holds handset 
firmly; is strong 
and resilient; fits 
any Stromberg- 
Carlson handset. 
Switch combina- 
tions with two or 
four Form C con- 
tacts. Space for your company name 
is provided. Send for Handset Bul- 
letin T-5005 and Cradle Bulletin 
T-5013. Write: 


STROMBERG - CARLSON 


Fr GENERAL DYNAMICS CORPORATION 


Telecommunication Industrial Sales sc 
117 Carlson Rd. * Rochester 3, N. Y. & 


IVISION 
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Westinghouse offers the industry’s 
most complete line Of reromance-proved silicon rectifer of any sive or power. 


le es handling capacity. Westinghouse offers the industry’s 
silicon rectifiers! largest selection, from TV diodes to high-power 240 
amp. rectifiers for all types of power applications. All 
diodes and rectifiers use high-purity silicon for high 
temperature operation, long life, and high efficiency. We 
can supply all standard configurations, or build to specifi- 
cation. Special devices, such as bridges in series or par- 
allel, can be supplied on order. And since most products 
are in stock, we guarantee quick delivery. 
Transistor users note: Westinghouse can also supply a 
large selection of silicon power transistors, germanium 
transistors, as well as special semiconductor products. 


For complete technical data, call your Westinghouse 
Sales Representative. 


you CAN B& SURE...1F ns Westi nghou Se 


SEMICONDUCTOR DEPARTMENT, YOUNGWOO 
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ing prices (which include shipping 
charges) per copy apply: 


Quantity 
Title 5 


Shock and Vibration .90 

Key to Metals .90 
Reprints of special Basic Science and include 3% City Sales Tax on orders Heat Flow Theory 90 
Engineering inserts or of compendi- for New York City delivery. Make Ferromagnetism _ 
ums into which are combined several checks payable to ELecrricaL MANvu- Fourier Analysis ‘90 
separate articles on the same or re- FACTURING. Semiconductor Theory 90 
lated subjects are available at the Since handling expenses are a sig- Boolean Algebra : 1.80 
nominal prices indicated in each list- nificant cost element in the distribu- Slide Rule Mathematics on ° 
ing. For ordering convenience, use tion of the reprints, grouping of Human Engineering agpwee 2.00 
the handy Order Form below. Orders orders makes possible substantial Casting Resins 1.75 1.50 
must be accompanied by remittance savings in cost per copy. For single Prices for larger quantities are 
(either in cash or check). Please shipmeits to one address, the follow- available on request. 


Special Reprint Service 


The Fundamental Nature of Shock shock (velocity, simple impulse, Keys to Metals in Design Engineering, 
and Vibration: Theory, Character, single complex and_ multiple). May 1959, 24 pages. Basic princi- 
and Mechanism of Damage, Prin- Combined environments are also ples of metallurgy are presented. 
ciples of Testing. June 1959, 20 treated. A section is devoted to the Structural characteristics of metals 
pages plus cover. In this “Basic effects of shock and vibration on are explained and related to design 
Science and Engineering” article, missile electronic’ components. concepts. Physical and mechanical 
basic factors are discussed, ana Types of damage are tabulated properties of metals are defined and 
lyzed and related to the function and analyzed; principles of testing illustrated by tables and charts. The 
of equipment and system design. are given; specifications are sum- nature and specifications of metals 
The nature of shock and vibration marized. An extensive Glossary are detailed for better understand- 
is given in terms of classical phys- and Bibliography are included. ing of current literature. The effects 
ics and mechanics. The major Author is Dr. Irwin Vigness, Head, of environment and mechanisms of 
types of vibration are discussed Shock and Vibration Branch, Me- damage are shown and illustrated. 
(periodic, random, structural and chanics Division, U. S. Naval Re- Iron and steel, alloys of aluminum, 
airborne); also the major types of search Laboratory. $1.00 precious and rare metals, copper, 

nickel and magnesium are _pre- 

sented in their basic design re- 

lationships to fundamental proper- 

ORDER FORM ties. Written by S. H. Avner, N.Y.C. 
Community College, and Harold E. 

Please enclose remittance (cash or check) with your order. Barkan, Associate Editor, ELrc- 


TRICAL MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 

pages, A concise review of the 
Key to Metals in Design Engineering @ major analytical techniques that 
have been developed over the years 
to solve one of the commonest gen- 
Fundamentals of Ferromagnetism @ eral problems in electrical and 


Fundamental Nature of Shock and Vibration @ $ 


Heat Flow Theory @ 


mechanical design—heat dissipation 
cr thermal rating. Basic equations 
for conduction, convection and ra- 
Engineering Applications of Boolean Algebra @ diation are derived. Dimensional 
analysis is used to establish the 
parameters and the various “num- 
Slide Rule Mathematics @ bers” (Reynolds, Prandtl, Nusselt, 
@ Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
$ data. Examples from electrical and 
electronic (transistor) applications 
Total Copies Total Order are worked out to pinpoint the 
TO: ELECTRICAL MANUFACTURING, 205 Eas! 42 St., New York 17, N. Y. theory and to upset some precon- 
ceived notions. Written by Allan D. 
Kraus, an electrochemical engineer 
presently working on heat transfer 
problems at Sperry Gyroscope Com- 
ADDRESS pany, who has drawn on a wide 
background in solving heat flow 
CITY problems. $1.00 
(Add 3% City Sales Tax for New York delivery.) 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory @ 


Five-Year Annotated Editorial Index @ 


Human Engineering in Equipment Design 


Casting Resins and Application Techniques @ 


NAME TITLE 


COMPANY 


Fundamentals of Ferromagnetism, 


ELECTRICAL MANUFACTURING 





oe 
INST=O=VERSE 


switch in “E” posi- 
rotation is CW. 


in “‘D” position due to shaft 
rotation. Motor operates as 
capacitor start, induction run 
with ‘B’’ as start winding. 


Motor 


Winding 


Motor 
Winding 
A 


rifugal 


D.P.D.T 
Control Switch 


Instant reversal occurs when 
control switch is thrown to 
“F’ position as the Inst-O- 
Verse device has provided a 
circuit, bypassing the open 


centrifugal switch. 


Overload 
Protector 


Operates in either direction 
as capacitor-start motor or 
instantly reversing motor. 
Operation is independent of 
sequence of rotational 


operation. 


INSTANTLY UTILIZES FULL TORQUE CAPACITY 
OF MOTOR FOR REVERSING ROTATION 


AVAILABLE IN 1 PH., 1725 R.P.M., 115 OR 230 V., 1/6 THROUGH 1 H.P., SLEEVE OR BALL BEARING MOTORS. 
NEMA FRAME, OR APPLICATION-ENGINEERED MOUNTINGS. 
REVERSING ACTION OF 1-PHASE FRANKLIN INST-O-VERSE MOTORS IS EQUAL TO CONVENTIONAL THREE- 


PHASE REVERSING MOTORS. 


INST-O-VERSE ENABLES USE OF 1-PHASE INSTEAD OF 3-PHASE MOTORS FOR CUTTING COSTS 


Franklin Electric Co., Inc. 


345 EAST SPRING STREET * 


JUNE 1959 


BLUFFTON, 


INDIANA 


Write for your copy of 
““INST-O-VERSE MOTORS.” 
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rely on Amphenol 


a3 \BBON connectors 


Since their introduction a short time ago, 
AMPHENOL Micro-Ribbon connectors have been 
used in an ever-increasing number of high- 
reliability applications: Radioactivity record- 
ers, relays, telephone equipment, computer 
modules, satellites—in hundreds of miniaturized 
applications where there can be no compromise 
with reliability. 

Micro-Ribbons are the first miniature rack 
& panel connectors to provide increased reli- 
ability over their standard-size counterparts. 
With an improved “ribbon” contact (no tiny 
pin contacts to bend and misalign) , Micro-Rib- 
bons mate smoothly and efficiently, have easy 
insertion and extraction. Both mating members 
are self-wiping, self-cleaning members with 
double contact action at all times. 


Rack & Panel Mating Cable-to-Chassis Mating 
Contacts Plugs Receptacles Plugs Receptacles 


57-10140 57-20140 57-30140 57-40140 
57-10240 57-20240 / 57-30240 57-40240 
57-10360 57-20360 57-30360 57-40360 
57-10500 : 57-20500 57-30500 57-40500 











Investigate the features and specifications of AMPHENOL Micro-Ribbon 
connectors—write for complete information. 
) connector division 


AMPHENOL-BORG ELECTRONICS CORPORATION 


chicago 50, illinois 
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March 1959, 32 pages. A new ap- 
proach to the study of magnetism, 
derived from modern solid-state 
physics. Explains magnetic behav- 
ior and properties of magnetic 
materials in terms of fundamental 
electron interactions, Includes: 


© Origins of Ferromagnetism. Mag- 
netic moments, atems, solids. 
spin-spin interactions, the search 
for 5-Bohr magnetons. 
Internal Structure of  Ferro- 
magnetic Materials. Uniform 
magnetization, magnetic curling, 
domain walls and domain wall 
formation. 
Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 
loops. 
Time Effects in Soft Materials. 
Eddy currents, energy loss in 
magnetic systems. 
Effects of Atomic Ordering in 
Alloys. 
Interactions for Heterogeneous 
Systems. 
Magnetic Materials of the Pres- 
ent and Future. Iron, silicon- 
iron, iron-nickel alloys, iron-co- 
balt, materials with } == K = 0, 
ferrites, permanent magnet ma- 
terials. 
Written by Anthony Arrott and 


J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, 


February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A_ thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up particular 
problems which are often en- 
countered, Written by Ira Ritow, 
Airborne Instruments Lab. $1.00 


Introduction to Semiconductor Theo- 


ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of oper- 
ation of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


TYPICAL SIGNAL FROM ONE OR ALL OF THESE 


een 


a 


MOTOR STARTER 


-_- 
> a - 
CONTROLLED 

RECTIBIER 
¥ 


+ 


CONTROLS ANY ONE OF THESE 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature contrallers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—“‘nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
3ooster Club.” You, too, ean beat the 
drum. Write for our catalog about 
Simple Statice Control. 


*CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is selective. As 
you dictate, it responds to control voltages which add, 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “push, pull” or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


CLICK, CLICK, PULL, PUSH (or how aswitching reactor feeds you) 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
300 VA. There's also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


Reliability begins with CONTROL, 


A DIVISION OF MAGNETICS. INC. 


JUNE 1959 


DEPT. EM-62, BUTLER, PENNSYLVANIA 
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meters in terms of operating point 
and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 


THE \ is described and the effects of volt- 


age, temperature, and other ex- . 

ternal influences are analyzed. Tran- 
SIGNAL 7 sistor theory is then presented in 

terms of the basic conduction proc- 


CORPS | esses in a p-n junction. Written by 


Ruth F. Schwarz. Research Div., 


SAID ‘ Philco Corp. $1.00 


4 Engineering Applications of Boolean 
"NO”’ see Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
, . A ; switching circuits and logic sys- 
til/ Miller said ; tems—both combinational and _ se- 
/ quential—in any medium: mechani- 
‘ j P cal, electrical, hydraulic, electronic 
: or solid state. Includes five pre- 
_ PHOSPHOR BRONZE . viously published articles plus a 
erage never-before-published appendix. 
e Language and Laws of Boolean 
- Algebra 
This flea-like component for an electronic , e Analyzing Combinational Cir- 
tube socket was all that stood between P P cuits by Boolean Matrices and 
the manufacturer and a good-sized con- eee Karnaugh Maps) 
tract. Before acceptance, however, the af J e Analyzing Specifications and De- 
oe : we signing Circuits 
part had to undergo a rigorous manual test e Circuit Design Using Boolean 
prescribed by the Army Signal Corps, and ah. Matrices and System Synthesis 
none of the metals tried by the manufac- ae f Using State Coding 


turer would measure up! P 4 3 . Sequential Circuits 
; ee 


Miller technical people went to work to . e Electronic Sequential Circuits 
find the answer, and in short order they e Tabular Reduction Techniques 


; e Selected Bibliography 
developed a specially treated phosphor Written by Boris Beizer, Airborne 


bronze alloy that enabled the manufac- r | Instruments Laboratory, and Ste- 
turer to pass the test with flying colors! e phen W. Leibholz, Republic Avia- 
It combined rigidly controlled grain size, . tion Corporation. $2.00 


elongation in excess of 10% and still 
t 8 d kable t le st asthe Five-Year Annotated Editorial Index 
TRERSS & TOMBINSIS VERSNS SENET C to Electrical Manufacturing, 60 


100,000 pounds per square inch! pages. A short-cut to research for 
; design engineers. Book lists, by 
Miller quality phosphor bronze, coupled r functional subject classification and 
with expert personal attention, helped with succinct annotations, every 
save this order. And perhaps we may soon feature article and major “Design 
have the opportunity to perform a like Trends” short article published in 
service for you I ELECTRICAL MANUFACTURING dur- 
é i ing the 5-year period from 1951- 

1955. $1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out, A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 


ROLLING MILL reprint of a 2-part article traces 


the logical development of the 


DIVISION slide rule’s fundamentals and com- 


plete concise instructions for its 
TH 5 os a = ee NY aay phn ome use. Over 50 two-color illustrated 


examples are given. Major topics 
include: 


... WHERE PHOSPHOR BRONZE IS THE MAIN LINE-NOT A SIDELINE (Continued on page 186) 
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PUTTING MAGNETICS TO WORK 


iz 


How to keep your cut-off sharp! 


Audio filter designers use molybdenum permalloy powder cores 
when they want razor sharp attenuation that will hold 


Audio filter designers, faced with a crowded frequency spec- 
trum, specify molybdenum permalloy powder cores to rigidly 
define channel cut-offs... 
ation at channel cross-overs. 


with sharp, permanent attenu- 


Moly-permalloy, with virtually no resistive component, makes 
a core with almost no core loss. The resultant high Q means 
sharp attenuation of blocked frequencies in both the high 
and low band pass ranges. This is permanent—moly-permal- 
loy cores were developed specifically to provide a very long 
term inductance stability. 

Compare molybdenum permalloy to powdered iron. See the 
smaller size and the superior stability despite unusual fluc- 
tuations in current or temperature, Even unstabilized per- 
malloy powder cores are more stable with temperature swings 


JUNE 1959 


than cores made of any other material. And .. . stabilized 
cores are at least four times more inductance-stable than un- 


stabilized cores. 


What's more, there’s no longer any guesswork! We have 
published limits within which the designer can depend on 
core performance. These limits—and full information on 
our Performance-Guaranteed permalloy powder cores—await 
your inquiry. Magnetics, Inc., Dept. «M 61, Butler, Pa. 


MAGNETICS inc. 
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Select here the 
VOLTMETERS, AMMETERS, 


Ramet 
. et 
_— Vater 

dp 403A Transistor ac Voltmeter—1 cps to 1 MC 

Battery-operated, weighing less than 5 pounds and small enough to hold 

in your hand —this new transistor ac voltmeter measures 100 xv to 300 v 

(max. full scale sensitivity 1 mv) over frequencies 1 cps to 1 MC! Twelve 

voltage ranges; also reads direct in db from —12 to +2 db. 400 hour bat 

tery life equals 6 months of average use; battery voltage may be checked 

by front panel switch. Noise less than 50 ~v. Completely isolated from 
ng power line or ground interference. Average reading meter minimizes turn- 

over and waveform errors. Accuracy +3% to 500 KC, +5% to 1 MC. Input 

impedance 2 megohms; generous 600 v overload capacity on higher ranges, 

25 v maximum on lower ranges. $250.00. 


All of these widely useful -hp- instruments are available in rack-mounted 


-hp- voltmeter accessories—voltage dividers, coaxial connectors, voltage 


NEW! 


Gp) 405AR Digital Voltmeter 
Automatic range, polarity 


Here's true “‘touch-and-read”’ measuring simplic- 
ity. Automatic range, polarity selection; covers 
0.001 v to 1,000 v. (Accuracy + 0.2% of reading + 
1 count). New, unique circuitry provides a stabil- 
ity of readings virtually eliminating fatiguing 
jitter in the last digit. Floating input, multi- 
electronic code output for use with digital re- 
corders. Uses electronic computing circuits to 
insure low maintenance, trouble-free operation. 
Just 7” high! $825.00. 


Complete array of ac and dec measuring equipment 


ELECTRICAL MANUFACTURING 





versatile, precision 


OHMMETERS you need. 
multi-purpose! 


models! Also, 


@ 400D 
10 cps to 4 MC 


Regarded by many as finest ac VTVM 
ever built. Covers all frequencies 10 
cps to 4 MC, extremely sensitive, wide 
range, accurate within 2% to 1 MC. 
Measures 0.1 mv to 300 v (max. full 
scale sensitivity 1 mv), 12 ranges. 
Direct reading in v, db. 10 megohm 
input impedance with 15 suf shunt 
insures negligible loading to circuits 
under test. $225.00. 


Gp) 400H 
1% accuracy VTVM 


Here’s extreme accuracy of 1% in a 
precision VTVM covering 10 cps to 4 
MC. Big 5” meter has exact-reading 
mirror-scale, measures voltages 0.1 
mv to 300 v (max. full scale sensitivity 
1 mv). 10 megohm resistance with 15 
uuf shunt minimizes circuit loading. 
Amplifier with 56 db feedback insures 
lasting stability. $325.00. 


inquire about 


multipliers and shunt resistors. 


NEW! 


Gf) 400L 
Log VTVM—10 cps to 4 MC 


Covering 10 cps to 4 MC, this new hp VTVM 
features a true logarithmic scale 5” long plus 
a 12 db linear scale. The log voltage scale 
plus long scale length provides a voltmeter 
of maximum readability, with accuracy a 
constant percentage of the reading. Accu- 
racy is +2% of reading or +1% of full scale, 
whichever is more accurate, to 500 KC, +5% 
full range. Range 0.3 mv to 300 v, 12 steps, 
(max. full scale sensitivity 1 mv). $325.00. 


410B 
ac to 700 MC, also dc 


Time-tested standard all-purpose volt- 
meter. Covers 20 cps to 700 MC, full 
scale readings 1 to 300 v. Input ca- 
pacity 1.5 usaf, input resistance 10 
megohms. Also serves as dc VTVM 
with 122 megohms input impedance, 
or ohmmeter for measurements 0.2 
ohms to 500 megohms. $245.00. 


HEWLETT-PACKARD COMPANY 


1004A Page Milli Road «¢ Palo Alto, California, U.S.A. 
Cable “HEWPACK"” «+ DAvenport 5-4451 
Field representatives in all principal areas 


NEW! 


Gp) 412A Precision 
Volt-Ohm-Ammeter 


At last a true, precision multi-purpose in- 
strument. Measures dc voltage 100 uv to 
1,000 v (max. full scale sensitivity 1 mv), 
1% accuracy full scale. Measure currents 1 
ya to 1 amp with +2% accuracy full scale. 
13 ranges. As ohmmeter measures 0.02 
ohms to 5,000 megohms. Extremely low 
noise, drift. Recorder output provides 1 v 
full scale. $350.00. 


425A Microvolt- 
icromicroammeter 


New, high sensitivity, high stability in- 
strument reading end scale voitages of 
10 uv to 1 v in 11 ranges, or currents of 
10 wpa to 3 ma in 18 step, 1-3-10 se- 
quence. Accuracy +3% on all ranges. 
Drift less than 2 x«v under all condi- 
tions; very much less under lab con- 
ditions. Input impedance 1 megohm 
+3% on all ranges. Also usable as 100 
db amplifier with up to 1 v output from 
signals as small as 10 uv. $500.00. 


Gp 428A 
Clip-On Milliammeter 


Employs radical new approach to cur 
rent measurement which eliminates 
breaking leads, soldering connections or 
loading of circuit under test. Revolution- 
ary “current sensing” probe clips around 
wire under test, measures the magnetic 
field around the lead. Easily measures 
dc current in presence of strong ac. Cov- 
ers 0.3 ma to 1 amp in 6 steps; full scale 
sensitivity 3 ma. Accuracy +3%, probe 
inductance less than 0.5 wh. $475.00. 


—unique value, traditional -hp- dependability @ 
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There’s Engineering 
“Magic’”’ in... 
CERAMIC 
MAGNETS! 


The Basic Slide Rule 
Variations on Basic C-D Opera- 
tion 


Trigonometry 


OF EVERYTHING ° a capes Scales 
ector Diagrams 
YOU WANT IN A 


Hyperbolic Functions 
Phasor Calculations 


TUBE and 


TRANSISTOR 


I. 
2. 
3. 
4. 
5. 
6. 


CHECKER 


Electronamic® Tube Performance Checker 
Comprehensive Transistor Checker 
Complete Crystal Diode Tester 

CR Tube Beam Current Tester 

Functional VR Tube Tester 

Direct Reading Gas Tester 

plus Free Tube and Transistor 


Test Data Subscription Service for one full year! 


«+: AT 


A PRICE THAT 


MAKES SENSE 


THE 


PRECISTON 


MODEL 10-60 


. Positive, all-inclusive tube performance testing 
... Mot limited to mutual conductance alone. 


. Widespread I...ranges cover all types of 


transistors —low, medium and high power 
n-p-n and p-n-p types. 


. Crystal diode tests: 22 selected DC voltages 


for forward and reverse current tests. 


. Cathode ray tubes tested for true beam current. 
. Tests voltage regulator tubes for regulation 


at manufacturer's specified current limits. 


. Special gas test circuit indicates troublesome 


gas content directly on sensitive 52” meter. 
TT 


Model 10-60: Complete with 5 window 


hi-speed geared roller chart unit and 
technical manual....Net Price $195.00 


Model 10-40: Physically and electrically 


similar to the Model 10-60 but without 
transistor and crystal diode soars 
facilities Net Price $149.5 


Pp Available and on display at leading electronic parts | 
distributors. Write for complete PRECISION catalog. 


D> PRECISION Test Equipment carries a full year warranty! 


Apparatus Company, inc. 
70-31 84th St., Glendale 27, L. 1., N.Y. 


Canada: Atlas Rogie Corp. Toronto 19 
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Human 


The Circular Slide Rule 


Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELEcTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech 


niques, 52 pages. Eight previous) 
published articles dealing with th: 
embedment, encapsulation, and im 
pregnation of circuit units and com 
ponents. Individual articles cover 
Property data on casting resins 
Evaluation tests on resin systems 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 


Postcard return forms are provided 
on page 17 as a convenience to the 
reader in obtaining 


New Componen’s and Mater‘als 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 


You can do things 
with Stackpole Cera- 
magnet you can’t do 
with conventional 
permanent magnets 
... and you can han- 
dle many ordinary 
magnet applications 
better ... often at less 
cost. Ceramic magnets 
have highest magnetic 
permanency. No 
keepers needed. They 
are electrically non- 
conductive, weigh less 
... and offer numerous 
other advantages. 


GS 


USED AS 


Rotors °¢ Drive units 
Pole pieces * Holding units 
Magnetic shafts * Grippers * Chucks 
Couplings * lon traps * Seals * Arc 
snuffers * Centering devices * TV 
yoke cores * TV “pin cushion" 
magnets * TV field equalizers * TV 
PM focusers * and many other uses 


Fuel pumps * Motors * Magnetic 
drives * Door latches * Clutches 
Speedometers * Switches * Toys 
Games * Statuette bases * Utensil 
racks * Novelties * Desk sets 
Relays * Generators * Oil level 
meters * Electric blankets * Butter 
warmers * Coffee makers * Can 
openers * Burglar alarms * Vending 
machines * Submerged gas pumps 
Pressure gauges °* Float meters 
Lightning arresters * Key keepers 
Inverter motors * Conveyors * Pot 
holders * Magnetos * Microphones 
TV sets ° Magnetic separators 
Recorders * Sonar devices * Gas 
pump starting switches and hundreds 
of other things 
WRITE FOR ENGINEERING 
BULLETIN RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 


THE PERMANENT MAGNETS THAT 


ARE REALLY PERMANENT 
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ANACONDA’ COPPER PRODUCTS 


FOR THE ELECTRICAL INDUSTRY 


THE AMERICAN BRASS COMPANY + 


TENSILE STRENGTH 








A. Silver content normal. B, Silver 8.7 ounces per ton. C. Silver 28 ounces per ton. 


Silver-bearing coppers give a margin of safety in 
operating conductors at elevated temperatures 


In heavily loaded motors and gener- 
ators, the windings, collector rings, 
and commutators must retain their 
strength at the higher operating tem- 
peratures that have become the rule. 
And there are now many other places 
where copper conductors must oper- 
ate at temperatures well above those 
heretofore considered normal. 
Electrolytic copper—with a very 
small amount of silver added —is su- 
perior to any other commercial con- 
ductor metal for use at’ these higher 
temperatures. Anaconda silver-bearing 
copper retains the structural design 


BELOW: Railway motor commutator seqments, 
having precise taper and contour, made otf 


Anaconda Silver Bearing Copper-113 
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strength of the conductor at the higher 
operating temperatures. Annealing tem- 
perature is raised and softening de- 
layed. The margin of safety is im- 
proved, How much gain you can count 
on is indicated by the chart above. 

The curves are the result of tests 
made by the Metallurgical Research 
Laboratory of The American Brass 
Company. 

There are three standard Anaconda 
alloys: Silver Bearing Copper-111, sil- 
ver 8 troy ounces per ton, average con- 
ductivity, annealed, 101%; Silver 
Bearing Copper-112, silver 10-15 troy 


WATERBURY 20, CONN 


DO YOU KNOW THESE 
ELECTRICALCOPPERS? 


DLP COPPER-104 (Cu 99.9-+-, P 0.01) 
average conductivity, annealed 
97%. High-conductivity type of 
phosphorus deoxidized copper ex 
cellent for brazing, soldering—is 
being used increasingly by elec- 
tronics manufacturers—also in such 
places as transformer bushings. 
CHROMIUM COPPER-999 (Cu 99.05, 
Cr 0.85, Si 0.10) average conduc 
tivity, annealed, before heat treat 
ment, 40%; after precipitation 
hardening, 80%. This unique alloy 
when precipitation-hardened _ has 
very good mechanical properties 
well above 200 C. This leads to its 
use, for example, as tips and wheels 
in resistance welding equipment, 
Is also regularly used for switch 
contacts and similar applic ations at 
around room temperature. 


ounces per ton, average conductivity, 
annealed, 100.5¢¢; Silver Bearing Cop- 
per-113, silver 25-30 troy ounces per 


ton, average conductivity, annealed, 


100%. 

More detailed information concern- 
ing the influence of silver on the ten- 
sile properties of high-conductivity 
copper at elevated temperatures 1s 
given in Publication C-25, “Anaconda 
Copper for Electrical Conductors.” In- 
cluded are curves for yield strength at 
0.2% offset and 0.5% extension—in- 
dices of the limits of elastic behavior 
—of interest to design engineers. 


Electrical conduit and raceways of tough, nonmagnetic 
Everdur guard circuits from corrosion, vibration 


Where power, control, or signal cir- 
cuits must be buried, hidden, or pro- 
tected from severe corrosive conditions 
and vibration, electrical conduit or 
seamless raceways of Everdur” give 
enduring protection. Everdur, Ana- 
conda copper-silicon alloy, offers not 
only unusual resistance to corrosion, 
but also high strength and resilience to 
withstand movement, vibration, abra- 
sion, and rough use. In addition it is 
nonmagnetic, providing electrical ad- 
vantages. For complete information 
write for Publication E-12. 


RIGHT: 90-degree bend 


4 Everdur raceways 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electricall) 


energized end products. 


CONDUIT AND FITTINGS—Handbook 
and catalog No. 485, 60-pages, contains 
ASA conduit specifications. Technical 
data section includes information on 
current-carrying capacities of conduc- 
tors, number of conductors in conduit 
or tubing, dimensions of insulated con- 
ductors and other tables. National 
Supply Co. >632 


TRANSISTOR INTERCHANCGEABILITY 
CHART—Industry-wide guide lists over 
500 JEDEC transistor types with their 
direct replacement or nearest equiva- 
lent and includes numbers and dimen- 
sional diagrams. Kahle Engineering 
Co. »>633 


INTEGRAL-HP GEARMOTORS-—Revised 
Bulletin 3100, 28 pages, describes line 
of helical-gear “Motoreducers” with 
detailed information on AGMA recom- 
mended load classifications by applica- 
tion, thrust capacities of low speed 
shaft, shaft connections, and couplings 
for standard motors in NEMA rerated 
1 through 75 hp classes. The Falk Cor- 
poration. >634 


ELECTRICAL INSULATING MATERIALS 
—Bulletin GET-2929, with tables and 
pictures, describes in 12-page text the 
characteristics and application range of 
insulating materials for electrical in- 
sulation systems. Includes technical data 
on mica mat, varnished cloths and 
papers, insulating varnishes, wire en- 
amels, irradiated polyethylene, sealing 
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and filling compounds, insulating fin- 
ishes and adhesives. General Electric 


Co. >635 


FERRITES Paper on square-loop ferrite 
materials is illustrated with diagrams 
showing magnetic characteristics of 
various ferrite combinations and photo- 
graphs of ferrite products. It describes 
characteristics of four types of ferrites: 
hard, soft, square-loop and ferrites for 
gyromagnetic effects. General Ceramics 


Corp. >636 


INDUSTRIAL SIGNALING DEVICES 

Pocket-sized 44-page resume considers 
signaling systems, components and ap- 
plications. The Edwards Signal Log 
IN-1110 contains sections on control, 
communications, protection systems, 
general industrial signals and OEM 
components (pushbuttons, bells, chimes, 
buzzers and Edwards 


Company, Inc. > 637 


annunciators). 


TEMPERATURE CONTROLS—Within 8- 
page booklet MC-177 are description of 
how “Thermoswitch” non-indicating 
temperature controls operate on dif- 
ferential expansion of metals, complete 
operating specifications and dimensions, 
available modifications and special fea- 
tures. Fenwal Inc. >638 


ADJUSTABLE-SPEED DRIVE EQUIP- 
MENT — Illustrated 16-page Bulletin 
GB-3 describes drive equipment for 


industrial applications, discusses eddy- 
current couplings, drives, brakes and 
dynamometers, and magnetic friction 
clutches and brakes. Covers Adjusto- 
Spede and Dynaspede drives, electronic 
controls for regulation of eddy-current 
equipment, and principles of operation. 
Dynamatic Div., Eaton Manufacturing 
Co. >639 


SIMPLIFIED LOGICAL DESIGN—Techni- 
cal paper of 11 pages describes ad- 
vantages of using Sheffer sTROKE or 
NOR gates in computer design. All logic 
and static memory for digital system 
can be built from gates of either type. 
Paper includes typical designs and 
simple means for transforming equa- 
tions from AND-OR to STROKE form. 


Abacus, Ine. >640 


CERAMICS PROPERTY CHART—Chart 
No. 591 includes mechanical and 
electrical properties, selection charts, 
graphs and miscellaneous data on 
ceramic materials. American Lava 
Corp. >641 


WIRE STRANDING CHART—One-paze 
chart ZK-4 makes it possible to de- 
termine available stranding combina- 
tions for various sizes of conductor 
wire. Chart includes number of smaller 
gage wires necessary to make up cross- 
sectional area of a conductor. Alpha 


Wire Corp. >642 


SILICON DIODES AND TRANSISTORS 

Six-page Bulletin QA-60-28-0001 de- 
scribes high-conductance diodes for use 
to 200 deg C, high- and low-current 
computer diodes, and_ silicon p-n-p 
transistors for use in the range of —65 
to +150 C. Sperry Rand Corp. 643 


PANEL METERS—Panel Instrument Cat- 
alog 59-I contains information on round 
and square flush-mounting meters, Uni- 
meters with separate dial component 
sections, and _ portable instruments. 
Eight-page catalog also includes hori- 
zontal mounting instruments with zero 
at left and meter barrel down. Triplett 
Electrical Instrument Co. > 644 


SWEEP GENERATOR EQUIPMENT 

Four-page short-form Catalog 8-A 
contains information on operation, con- 
struction, and features of sweep genera- 
tors, plug-in markers, r-f filters, detec- 
tors, attenuators and i-f test set. Chart 
is included listing all sweep generator 
models with major performance speci- 
fications. Telonic Industries, Inc. >645 


SHEAVE WITH ELECTRIC CLUTCH 

Brochure on clutch-pulley package for 
direct installation on standard electric 
motors from 1 to 25 hp includes sec- 
tions on operation, dimensions and 
selection. Ten-page booklet P-52 de- 
scribes unit, suitable for cycling ma- 
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NOW... hich performance magnetic amplifiers 
at Low COST! 


New 1290 Series — e Super Power Magnetic Amplifier 


... price is as little as one-half that of units previously available 
18 STANDARD UNITS—515 VA TO 32.5 KVA OUTPUT POWER 
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4. Ampere-turns required to control a typical unit. 3. All reactor ratings based on class *'B’* operation. 
Ze Permits calculation of linear control power for any time constant. @, For full control (15:1 range). 
(Complete notes contained in Bulletin 1296-5.) 


BLOW COST — most watts per dollar. 
at GAPLESS CORES —permit minimum control ampere-turns; 


eliminate irregular performance introduced by air gaps. 


@ ENGINEERING ASSISTANCE —«t Vickers Sales 


Engineering Offices listed below. 
B@ FOUR WEEK DELIVERY 


Vickers, the pioneer in magnetic amplifier development, with more than 
1,000,000 man-hours of direct experience in the design and application of 
magnetic amplifiers, now brings you a new line of higher power units... the 
“Super Power” 1290 Series. The new design of these tapewound, gapless core 
amplifiers coupled with superior production techniques provides Vickers 1290 
Series Amplifiers with higher performance and operating efficiency... you 


get more output watts per dollar. Write today for complete details. 
EPA 1290-2 


Send for Bulletin 1296-5 


VICKERS INCORPORATED 
ELECTRIC BROBUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Central Office: St. Lovis 
Sales Engineering Offices: Chicago, Cleveland, Detroit, Los Angeles, New York, Washington, D. C, 
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GENERAL CABLE chine drives, which also provides 


adjustable slip when used with variable 
. f power control unit. Warner Electric 
the complete line o Brake & Clutch Ci He 


STAINLESS STEEL HANDBOOK—Stain- 
less steel sheet and strip grades pro- 
duced by the manufacturer are detailed 
in 36-page Microrold book. Includes 
physical properties and analyses, sur- 
face finishes, fabrication, maintenance, 
and comparative corrosion resistance 
tables of stainless steel Types 302. 
316, 430 and aluminum Type 1100. 
Washington Steel Corp. >647 


VARIABLE-FREQUENCY OSCILLATOR 
Long experience in the manufacture of magnet wire has enabled General Oscillator described in Technical Bul- 
Cable to develop the industry’s widest range of both returnable and non- letin 1011 has frequency range from 
returnable containers of all types. Designed to meet widely varying 100 eps to 5 me. Output is variable 0 
customer demands, they insure safe delivery-and facilitate use of the wire to 10 volts across 1000 ohms, essentially 
at the lowest possible cost to you. No matter what magnet wire packag- square wave to 1 me and sinusoidal 


above that frequency. Two-page bulle- 
i ‘4 the right : ; : : 
ing problem you have, consult General Cable... they have the rig tin gives complete physical and elec- 


trical specifications. Technitrol Engi- 
neering Co. > 648 


packaging for you. 


BUTYL RUBBER CABLE INSULATION 

Properties of butyl rubber for insulating 
and jacketing electric wire and cable 
are presented in 12-page brochure 
TSP-100, prepared with assistance of 
consultants in the wire and cable field. 
Booklet compares physical, electrical 
and chemical properties of butyl with 
other elastomers. Accelerated tests con- 
ducted by wire and cable processors 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. ; 

STAR-PAK pails and drums are palletized for ease of 

handling. 


also shown. List of manufacturers of 
butyl wire and cable included. Thiokol! 
Chemical Corp. >649 


TERMINAL BUSHINGS AND SEALS— 
High-fired alumina terminal bushing 
and ceramic-to-metal seal specification 
charts are included in 16-page Bulletin 
A-40. Over 100 standard sizes of high- 
voltage terminals, feed-throughs and 
cable end seals are listed. Alite alumina 
mechanical and electrical properties are 
given. U. S. Stoneware Co. >650 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 42 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 


ere polletized for shipment. HEAVY-DUTY ELECTRICAL CONNEC- 


TOR—Socket and pin types of plugs 
and receptacles use molded nylon and 
are made in six colors. Connectors 
described in 8-page Bulletin PR259 
have 50- and 100-amp capacities. Cur- 
rent-carrying parts are gold-plated. 
Superior Electric Co. >651 


| 
| 
| 
1 / 
| 
| 
| 
| 
ct 
I 
| 
| 
| 
| 
| 
| 
| 
I 


Payout Equipment General Cable also has available a com- 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums COAXIAL CABLE ENGINEERING DATA 


or in spinning wire from reels and spools. Data Sheet E502ED numerically lists 
all known RG-type coaxial cables and 
their characteristics and includes im- 
pedance, capacitance, dielectric, size 
and type of conductors, jacket mate- 
rials, shields, diameters, weights and 
other information. Standard Wire and 
Cable Co. >652 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 


for quality and service FLAME -RETARDANT LAMINATE — 
specity qs E oe i ea é% E , UR E i iw Grade FR-2 is paper-base laminate with 


(Continued on page 193) 
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murme ro 
ALLEN-BRADLEY perth 
up to Size 8. 


Solenoid Starters give 


MORE MILLIONS 
OF TROUBLE FREE 
OPERATIONS 


.-.and for good reasons | 


e ONE MOVING PART 

With this simple solenoid design, there’s 
virtually nothing to go wrong —all trouble- 
causing bearings, pivots, and flexible jumpers 
have been eliminated. 


e DOUBLE BREAK, SILVER ALLOY CONTACTS 
Allen-Bradley silver alloy contacts never 
require maintenance. They are always 

in perfect operating condition ... and remain 
so until completely worn away. 


e SIMPLE UP-AND-DOWN MOTION 


The virtually frictionless, straight line 
vertical motion provides uniform contact 
pressure at all times—and assures con- 
sistent, rapid operation of the contactor. 


e RELIABLE OVERLOAD PROTECTION 

All A-B starters are equipped with two 
permanently accurate and reliable overload 
relays that protect motors against ‘‘burnouts.”’ 
Three overload relays can be furnished. 


QUALITY 
MOTOR 
CONTROL 


ALLEN -BRADLEY 


MEMBER OF NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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Advanced Design Features in a Control Center... 


ALLEN-BRADLEY 


CONTROL 
CENTERS 4 


FLEXIBILITY » SAFETY 
QUALITY APPEARANCE 


Allen-Bradley control centers are the “‘label’’ of a modern plant. They 
make neat, centralized installations and—where this is practical—do 
away with individual starter mountings and complicated wiring. The 
control center may even reduce installation cost—as compared with 
using individual starters. Here are some of the up-to-date design 
features which make the A-B control centers so popular. 


NEW SPACE SAVING DESIGN—New Bulletin 798 control centers save | 
floor space . . . provide up to 8 units in a 90” high control center unit. 


PREMIUM QUALITY FINISH—An exclusive A-B finishing process assures 
that your control center will retain its attractive appearance over the 
years. Each piece is individually cleaned and phosphated before as- 
sembly —there are no ‘‘bare spots’’ where corrosion can have a start. 
Then a rust-resisting primer and a dense finish coat are baked on, 
providing a fine, tough, and lasting surface. 

FLEXIBILITY —A-B control centers are readily adaptable to changes in 
operating needs — integral plug-in units can be added or modified 
without internal rewiring. Entire sections are easily added as needed. 
SUPERIOR PERFORMANCE— Using the popular A-B solenoid starter — 
with only ONE moving part—assures millions of trouble free oper- 


This typical unit of an A-B control : ; ; Ne 
ve ations. Their double break, silver alloy contacts never need servicing. 


center shows a Bulletin 709, Size 2 


starter ond oan LTE. circuit breaker. For ‘“‘tops’”’ in control centers, you owe it to yourself to investigate 


Allen-Bradley’s Bulletin 798. Write for complete information. 


ALLEN - BRADLEY J itotor’ 


MEMBER OF NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. L 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. CONTRO 





flame-retardant phenolic resin binder. 
It is offered in plain or copper-clad 
sheets and strips. Single-page bulletin 
on self-extinguishing laminated plastics 
material contains description and list 
of properties. Synthane Corp. >653 


ELECTRONIC COOLING PACKAGES 

Four-sheet folder cooling 
packages (for use in electronics sys- 
tems requiring air-liquid coolant me- 
diums) which are adaptable to systems 
such as those utilizing liquid-cooled 
power tubes in airborne and ground 
installations. Peseo Products Div., Borg- 
Warner Corp. >654 


describes 


ELECTRICAL CONNECTORS 
page Catalog B 73 contains data on 
industrial 1- to 24-pin connectors for 
currents ranging upward from 5 amp, 
depending upon connector type. Appli- 
cation information included. Joy Manu- 
facturing Co. >655 


Twelve- 


SELENIUM RECTIFIER STACKS—Char- 
acteristics of rectifiers with temperature 
derating table, overload 
allowable current curves are in 8-page 
catalog. Current ratings of cell sizes 
from 1 x 1 in. to 6 x 12 in. and general 
design information on rectifier circuits 
are listed. Also contains data on physi- 
cal dimensions. Rectico, Inc. > 656 


curves and 
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A-C MOTORS AND ROTATING DEVICES 

Catalog contains general specifica- 
tions and technical data on blowers, 
axial fans, cooling cabinets, servo and 
gear motors, induction and synchronous 
motors, torque motors, permanent-mag- 
net alternators and motor generators. 
Rotating Components, Inc. >657 


CERAMIC-INSULATED MAGNET WIRE 
—~Product Data Brochure, “High-Tem- 
perature Magnet- 
Wire and Potting Compounds,” contains 


Ceramic-Insulated 


basic information and engineering data. 
Eight pages include electrical insulation 
values of types available and data on 
potting cements. Secon Metals Corpor- 
ation. >658 


VIBRATION CONTROL—Booklet K4E 
gives engineering specifications and 
performance for 27 types of products 
for control and measurement of ma- 
chinery vibration and noise. Included 
in 8 pages is discussion of steel springs 
and organic isolation 


media. Korfund Co., Inc. >659 


materials as 


CLOSURES AND STAMPINGS 


sion-drawn closures are listed in 72-page 


Preci- 


catalog which describes standard round, 
square and rectangular cases, standard 
covers, special cases and MIL types. 
Cases are available in various materials 


including Mu metal and nickel silver. 
Hudson Tool & Die Company, Inc.>660 


ALTITUDE SIMULATION CHAMBER 

Single-page information sheet describes 
Series 900 chambers which range from 
laboratory to walk-in size. For altitudes 
to above 100 miles. General Vacuum 


Corp. >661 


GLASS-TO-METAL SEALS —- Four-page 
brochure contains brief descriptions of 
available capacitor seals, multiple head- 
ers, transistor mounts, diode closures 
A ssoci- 
> 662 


and single terminals. Palmer 
ates, Inc. 


POWER CONVERTER 
fier unit is suitable for operation of 
small d-c magnetic clutches, brakes, 


Selenium recti- 


solenoids, or any device requiring recti- 
fied a-c. Single-page information sheet 
describes units Model 31C and 31E 
with 0 to 90-volt output at 0.5 amp. 
Trott Electronics, Inc. > 663 


TEST PROCEDURES 


information covering 


Service provides 
testing require- 
ments of military specifications such as 
MIL-E-5272, MIL-E-4970 and MIL- 
STD-202. Subscription to service, de- 
scribed in brochure, 
military specifications. System of Pro- 
> 664 


supplements 


cedure Specifications. 


Automatic simultaneous winding 
of 2 or 3 group concentric coil with 


FORT WAYNE 


STATOR WINDER 


*LOWEST MACHINE INVESTMENT PER UNIT PRODUCED 
Winding speed at 325 turns per minute. 


Preparation time 


and remove. 


4 minute . . . only 4 forms to place 


One operator can readily tend 2 or more machines, 


Completely automatic during winding cycle. 


Winds greater range of stator lengths. 


*Production example—4-pole stator with 3-group concentric coil 
per pole at 125 turns per coil produces 88 stators per hour. 


WRITE FOR COMPLETE DATA OR ARRANGE 
TO VISIT OUR PLANT FOR DEMONSTRATION 


PATENTS 
PENDING 


Circle 196 on page 17 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1027 Goshen Road 


* Fort Wayne * Indiana, U.S.A. 
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Whenever SPACE and WEIGHT 


are at a Premium... 
SPECIFY TYPE “RA’’ MOTOR CONTROLS 


Launching, guidance, tracking and service equipment 
for rockets or guided missiles MUST pack the great- 
est possible performance capacity into the smallest 
possible envelope. That’s why Arrow-Hart Type “RA” 
Starters and Contactors have been selected for so 
many rocket and missile projects ... and so many 
other applications where space and weight savings 
are all-important. Far smaller and lighter than con- 
ventional types, Arrow-Hart “RA” Controls use 
advanced design with greatly improved mechanical 
efficiency to achieve superior performance and 
dependability. The modern Right Angle operating 
mechanism insures positive operation and provides 
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increased resistance to 


conditions. 


Type “mA 


Size 2 
Weight 7-\% lbs. 
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TANTALUM CAPACITORS—Revised, 4- 
page Engineering Bulletin No. 1 con- 
tains general description of solid 
tantalum capacitors, typical applica- 
tions, data on performance characteris- 
tics, and specifications for 60 types. 
Kemet Co., Div. of Union Carbide 
Corp. >665 


MICROFILM OF ENGINEERING DRAW- 
INGS—Reprint of Specification MIL- 
M-8857 (ASG) covers requirements for 
microfilming engineering drawings and 
related data for incorporating in elec- 
tric accounting machine cards. The 


Filmsort Co. > 666 


EXTRUDED AND COATED TUBINCS 

Illustrated 24-page Catalog 59T con- 
tains specifications of Turbo extruded 
tubings, heat-treated glass _ sleeving, 
coated tubings and identification mark- 


ers. William Brand & Co., Inc. 667 


DIGITAL INSTRUMENTATION —Twelve- 
page catalog contains descriptions and 
specifications of counter-timers, fre- 
quency-period meters, decade counting 
units, digital voltmeter and _ printer, 
and other devices. Computer Measure- 
ments Co. > 668 


UNIVERSAL JOINTS—Specifications of 
line of single and double fork-type 
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unfavorable atmospheric 


For “RA” Data Section, write now to The Arrow-Hart 
& Hegeman Electric Company, Dept. EM, 103 Haw- 
thorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 


Motor Centrols * Wiring Devices * Appliance Switches * Enclosed Switches 


universal joints are in comprehensive 
Catalog C4-10M. Included is conver- 
sion table between static torque in.-lb 
and hp at 100 rpm. Curtis Universal 
Joint Co., Ine. >669 


TRANSISTOR DIGITAL CIRCUITS—Set 
of packaged Series 100 basic transistor 
circuit types is used for digital equip- 
ment and system construction. Eight- 
page brochure lists and describes logic 
circuits, amplifiers, signal-forming cir- 
cuits, time-pulse generators, power sup- 
plies, visual indicators and other units 
available in two standard plug-in pack- 
age Brochure includes circuit 
symbols, applications and circuit load- 
ing. Epsco, Inc. >670 


types. 


MINIATURE POWER CONNECTORS 

Continental Connector Catalog Series 
250 gives specifications, outline draw- 
ings and general information on minia- 
ture rectangul ir connectors. Connectors 
in 12-page catalog have from 7 to 104 
Dejur-Amsco Corp., Elec- 
tronic Sales Div. >671 


contacts. 


BERYLLIUM COPPER ALLOYS—Alloys 
10, 25 and 165 for electronic, appliance, 
instrument and other applications are 
described in 12-page data sheet. Chem- 
ical analysis, properties, working in- 
structions and available forms are 


La 


included. Pennrold Div., Brush Beryl- 
lium Co. »>672 


N-P-N POWER TRANSISTORS 
page Bulletin E-332 contains engineer- 
ing data on seven germanium-alloy 
junction transistors 2N326, LT-5163/L, 
LT-5164/L, LT-5165/L. CBS-Hytron, 
Columbia Broadcasting System, Incor- 
porated. >673 


Two- 


STROBOSCOPIC STUDY DEVICE—Book- 
let, “Vibration Test Studies Using the 
Slip-Syne System,” describes theory of 
operation and applications. Device uses 
stroboscopic method of studying repeti- 


tive phenomena in slow motion, Chad- 
wick-Helmuth Co. >674 


PANEL METERS—Catalog 4220 details 
13 types of a-c and for 
voltage and current. Included in 24 
pages are frequency meters, wattmeters 
and temperature indicators. Cases are 
round and square for flush or surface 
mounting. Roller-Smith, Inc. »>675 


d-c meters 


COATING THICKNESS TESTER — Port- 
able 
in 4-page Dermitron Bulletin DF, meas- 
ures coating or film thickness of com- 
binations such as_ silver on_ brass, 
metallizing on plastic, or anodizing on 


non-destructive tester, described 
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aluminum. Uses probes for thickness 
indication on direct-reading scales. 
Range, depending on material and 
probe used, is 0 to 125 mils. Unit 
Process Assemblies, Inc. >676 


CONDUCTIVE VINYL COMPOUND — 
Thermoplastic material with a resis- 
tivity of 8 ohm-cm is described in 4-page 
Bulletin No. 100. Tests results, charac- 
teristics, and uses in applications such 
as replacement of copper braid in 
communications wire are included. 
Abbey Plastics Corp. >677 


RUBBER FACT BOOK—Expanded 24- 
page book contains data on size num- 
bers and dimensions of all common 
industrial O-rings and manufacturer's 
Quad-Ring, plus installation tips. In- 
cludes section on Kapseal Teflon boots 
for ‘use with standard O-ring. Minne- 
sota Rubber Co. >678 


HIGH-SPEED LIGHT SOURCE — Pack- 
aged light source, for recording high- 
speed phenomena with shadowgraph 
and Schlieren systems, is suitable for 
millimicrosecond _ studies. 
Equipment Bulletin 10 describes cylin- 
drical unit which has coaxial discharge 
path. Schematic included. Spark-type 
source requires triggering pulse: 500 
volt min, 2 psec duration. Avco Re- 


Two-page 


search and Advanced Development 
Div. »>679 


MILLIVOLTMETERS—Operating princi- 
ples, specifications, features and order- 
ing information on non-control and 
control millivoltmeters are detailed in 
28-page Catalog C10-1. It includes in- 
formation on all control models such 
as “Pyr-O-Vane,” pulse “Pyr-O-Vane,” 
“Protect-O-Vane,” and the “Pyr-O-Volt” 
controller. Industrial Div., Minneapolis- 
Honeywell Regulator Co. > 680 


SUBMINIATURE CERAMIC CAPACI- 
TORS —- Four-page Brochure J-1 de- 
scribes line of subminiature capacitors 
made in twelve types of ceramic mate- 
rial. Capacitance range is 2.5 wef to 0.1 
“f. Various terminal arrangements de- 
scribed. Mucon Corp. >681 


LIQUID - COOLING DESIGN’ TIPS — 
Folder of 36 pages contains data on 
how to approach cooling problems, 
static and dynamic cooling, and typical 
design problem with sample calcula- 
tions. First section contains information 
on Coolanol 45, a dielectric fluid for 
cooling electronic equipment. Monsanto 
Chemical Co. >682 


MINIATURE ELECTRIC EYES—Bulletin 
No. 577 covers developments in design 





and application of miniaturized electric 
eyes with detailed description of ap- 
plication, construction and schematic 
drawings illustrating: range: of- installa- 
tions. Direct comparison between color 
range of human eye and electric eye 
is included. Operation of units is 
discussed. Photomation, Inc. > 683 


CABINET RACKS AND SLIDE ASSEM- 
BLIES—-Catalog 59 contains 28 pages 
of illustrations, descriptions and techni- 
cal specifications of universal cabinet 
racks, rack-type slide assemblies, Type 
“C” and Type “A” racks and _ utility 
desk assemblies. Information is sup- 
plied on accessories, fittings, panels, 
and roller trucks for use with housings. 
Par-Metal Products Corp. > 6384 


PRECISION POTENTIOMETERS—Spring 
catalog presents electrical, mechanical, 
environmental specifications and physi- 
cal data for production-model potenti- 
ometers, turns-counting dials, and delay 
lines. Twenty-page booklet includes 
single- and multi-turn devices. Helipot 
Div., Beckman Instruments, Inc. »685 


EPOXY RESIN COMPARISON CHART 
List of uses, features and handling 
characteristics of epoxy resins are 
included on chart of Randac properties. 
(Continued on page 196) 


SMALLEST Magnetic Starters 
Available! 


Arrow-Hart Ty 
design ‘Right 


through a simple bellcrank mechanism. This 
chanical advantage making possible a muc 


“RA” Motor Controls feature the advanced 
ngle” mechanism, with the magnet operating 


rovides a me- 
smaller and 


lighter magnet which out-performs older, direct-acting types. 
As a result, size and weight are reduced by almost half, while 
performance, operating efficiency and dependability are 

eatly improved. Other important “RA” design features 
include extra-rugged silver cadmium alloy contacts with 
positively guided travel for perfect alignment . . . and straight- 
thru wiring for simplified circuit design. 

Arrow-Hart offers you the only complete line of smaller, 
lighter motor controls including: NEMA Sizes 0 through 5, 
in across-the-line, reversing and two-speed starters and con- 


tactors. 


Write for free 16 


ge booklet of Motor Control Wiring Dia- 


grams: The Arrow-Hart & Hegeman Electric Company, Dept. 


4 


vg 


Type “RA” Starter 


Size 3 
Weight 15-% lbs. 


EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 


Motor Controls * Wiring Devices * Appliance Switches * Enclosed Switches 
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Resins are designed for impregnating, 
potting, casting, sealing and coating 
electrical components. Mitchell Rand 
Mig. Corp. > 686 


FHP V-BELT PULLEYS 
tains specifications of 


Circular con- 
standard-sized 
single-groove pulleys in welded, pressed 
steel, Four-page catalog lists standard 
and heavy-duty types in sizes from 2.4 
to 12 in. diam. Nagel-Chase Manufac- 
turing Co. > 687 
ROTARY SWITCH 
removable plug-in etched-circuit wafers 


“Tabet” switch with 


is described and illustrated in 4-page 
brochure. Switches have 1 to 24 sec- 
) 


tions and 2 to 20 positions. Chicago 


Dynamic Industries, Ine > 688 
SOLID-STATE POWER SUPPLIES Two 
Bulletins, PS-2009 and PS-2010, each 
4-pages, describe 26 types of regulated 
d-c supplies for built-in applications in 
voltages from 0 to 100, 0 to 20 amp; 
and 6 types of fully variable regulated 
d-c power supplies in rack or portable 
form for ranges from 0 to 150 volts at 
1.5 to 15 amp. Deltron, Inc. >689 
CONDUCTIVE BRONZE 
bronze, a high copper alloy that com- 
bines high strength and high electrical 
and thermal conductivity, is described 


Phosnic 


in booklet which includes the various 
forms, tempers and properties of alloy, 
as well as composition and typical uses. 
Endurance strength, creep and relaxa- 
tion resistance, stress-strain characteris- 
tics, electrical and thermal conductivity, 
corrosion resistance, workability and 
heat treatment are discussed in Phosnic 
bronze booklet. Chase Brass & Copper 
Co. >690 


SLIP-RING ASSEMBLIES—Data file con- 
tains illustrated data on radio frequency 
and video, high-voltage, high-speed in- 
strumentation, and power-pulse _ slip- 
Brochure includes 
description of general- 
purpose units and power slip rings. 
Kngelhard Industries, Inc. >691 


ring assemblies. 
fundamental 


INDICATOR UNIT FOR NES1H LAMP 

Data sheet describes indicator assembly 
101N-022 with internal resistor de- 
signed for use with new General Elec- 
tric NE51H bright neon glow lamp. 
Drake Manufacturing Co. >692 


RESISTANCE-BRIDGE POTENTIOMETER 

Portable, battery-powered instrument 
described in data sheet will calibrate 
and measure d-c output of resistance- 
bridge transducers or gages. 
Model M open-circuit output 
voltage of half or full bridges directly 


strain 
reads 





without regard to bridge excitation volt- 
age level or absolute bridge resistance. 
Datran Electronics. >693 
SEALING WASHERS — Brochure of 4 
pages describes line of dome-shaped 
washers with polyvinyl chloride base 
material adhered to underside. Washers 
used to seal against liquids or vapors. 
Brochure includes specifications and 
applications. Bartite Products Corpo- 
ration. > 694 


FHP MOTORS—Catalog R-1 describes 
four skeleton types of a-c shaded-pole, 
reversible, nongeared motors with per- 
formance characteristics, ratings, con- 
struction, dimensions and typical ap- 
plications. Sections on electronic motor 
control, duty-cycle data, power-source 
considerations, braking and speed con- 
trol included in 8 pages. Barber-Col- 
man Co, >695 


ELECTRICAL CONNECTORS — Line of 
plugs and receptacles with up to 70 
pins in environment-resistant construc- 
tion are described in 48-page Bulletin 
2711. ARK-trol connectors are resistant 
to alkalis, strong caustics, acids, petrol- 
eum base and organic solvents, and 
operate in range of —80 to +225 deg 
F. Crouse-Hinds Co. > 696 


(Continued on page 198) 


CEG, 
“vs PERMAG ~*~. 
, ‘ 
i ror IMIAGNETS | 


s 
* CAL OL ymria 7-1818 ¢ 
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ALL SIZES, 
ALL SHAPES, 


COIL WINDINGS 


Cotton Interweave 


aRaH EE 


Encapsulated 
Bobbin 
Paper 


ALL GRADES 
IN STOCK 


Magnets for every use .. . Alnico and 
ceramic .. . sintered and cast. . . are 
available from our huge stock, Our serv- 
ices include engineering, precision grind- 
ing, precision cutting and magnetizing. 
24-hour delivery. Write for catalog. 


PERMAG CORPORATION 
88-06 VAN WYCK EXPRESSWAY, JAMAICA 18, 1.1. 


Form Wound 


Interleave High Temperature 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 
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has the cure for vibration “headaches” 


the one-piece locking screw that 
won't work loose 


IN CARBURETORS — HOLD AD- 
JUSTMENT OF ANTI-STALL CONTROL 


IN MARKET CARTS — STAY TIGHT, 
RESIST SHOCKS OF SEVERE SERVICE 


HOLTITE NYLOK hex 
head cap machine screw 


‘ fastens chrome-plated steel 
tubing at right angles. Driven 
through holes in one section 
into tapped steel plug in end 
of adjoining 
part. Hold se- i — 
curely despite TT 
punishment of on 
customer use. et 

o rr 


Hex head steel HOLTITE 
NYLOK machine screw main- 
tains constant adjustment of 
anti-stall device attached to car- 
buretors. Holds 

spring at required 

tension without var- 

iation through wide 

range of temperature 

changes. 


SCH HSOEEHEEEHEHH SEE ESESEEEEEEESE 


IN EXHAUST FANS — HOLD MOTOR 
SECURELY DESPITE VIBRATION 


Phillips truss head steel 
HOLTITE NYLOK machine 
screws are driven through 
rubber insulation mount into 
flange of vertical mounted 
motor. Screws 7 

do not loosen, ne 
resist constant rn % 
vibration. ig 


IN SHEARS AND SCISSORS — HOLD 
BLADES IN PROPER ADJUSTMENT 


Binding head steel HOLTITE 
NYLOK machine screws are 
driven through drilled hole in 
one blade into tapped hole in 
mate. Hold proper blade con- 
tact, — permit easy disassembly 
for sharpening. 


SHSSSSSSSSSSSSSSSSHSCSSESCEHCCC CESSES SESE SESH SESE EEBEEEEEEEEEEE 


HOLTITE? NYLOK ' seit-locking 


HOLTITE® NYLOK machine screws are the simplified self-locking 
fasteners with the Nylon insert that eliminates the need for lock 
washers, jam nuts, wiring and similar devices. If you have assem- 
blies where screws must stay where they are set, NYLOK is your 
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practical choice. The applications above show how you can save 
trouble and complaints, — give your product a sales advantage. 


CHECK YOUR ASSEMBLIES —- find out where Continental engi- 
neered fasteners, like HOLTITE NYLOK, can cut your assembly 
costs. Plan now to consult the Continental Assembly Specialists. 
They will analyze your operations and tell you which fasteners — 
standard or special — can save you most. For prompt service, 
write or phone: Continental Screw Co., 455 Mt. Pleasant St., New 
Bedford, Massachusetts. 


CONTINENTAL 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


eeereveeeereew eee eeeeeaeeeeeeeeeeeeeeeeeeeeeeeee 


HY-PRO TOOL COMPANY ... Division 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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Resilient nylon plug (A) sets up a lat- 
eral thrust, smoothly wedges mating 
threads together (B). All locking 
action is on threads: head is not 
stressed. Locking is positive... 
seated or unseated. 


One piece — no separate parts 
Can be removed and replaced 
Interchangeable — reusable 
Locks seated or unseated 

Acts as seal for gases, liquids 


HOLTITE PHILLIPS 

AND SLOTTED HEAD 

WOOD * MACHINE * TAPPING 
THREAD FORMING * 

SEMS * NYLOK 

HY-PRO PHILLIPS 

INSERT BITS AND HOLDERS 





systems translation... 


KELLOGG MATRIX 


i, al " 
FC wR 


easy-to-position « never needs adjustment 


USES MINIATURE SELENIUM DISC RECTIFIERS 
—mounted without soldering or wiring. 
SIMPLE CIRCUIT REARRANGEMENT 
—remove covers, reposition discs. 
MOUNTED ON PHENOLIC GRID 
—with 2 sets of vertical and horizontal conductors. 
HIGH MATRIX CAPACITY 
10 x 30 or 300 miniature rectifier discs. 


Ideal for systems requiring translation or various diode 

matrices, such as: 

1. Automatic warehouses—to seek out or sort order parts. 

2. Chemical processing plants—all controls made from a 
central point. 

Another fine product for the growing electronics indus- 

try backed by Kellogg and International Telephone and 

Telegraph Corporation. 

Write for full details and complete catalog of Kellogg 

systems and components. 


AL 


Keliogg Switchboard and Supply Company, 6660 South Cicero Avenue, 
Chicago 38, Ill. Communications Division of 
international Telephone and Telegraph Corporation. 


Manufacturers of Relays, Hermetically Sealed Relays, 
Switches, Miscellaneous Telephone Type Components 
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DIRECT-LIFT SOLENOID VALVE—Two- 
way valve for handling steam, air, gas, 
light oil and other non-corrosive liquids 
and gases is described in 1-page sup- 
plement to Bulletin 8030A-8031A— 
Form V5062. Valve is suitable for 
general-purpose applications at pres- 
sures to 40 psi, and is available with 
%. in. orifice and 34 or 1% in. NPT 
connections. Automatic Switch Co.>697 


ALLOY FOR GLASS SEALS—Kovar alloy 
of iron, nickel and cobalt has a thermal 
expansivity which closely matches that 
of several hard glasses used for making 
pressure and vacuum-tight seals. Prop- 
erties, curves, descriptions and typical 
applications are found in 8-page book- 
let 5134. Carborundum Co. >698 


TIMERS AND TIMING MOTORS—Inter- 
val timers, time-delay timers, cycling 
timers, time totalizers, and timing 
motors are described in 4-page General 
Bulletin 908. Uses and descriptions are 
given. Cramer Controls Corp. >699 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 


as your source, 


RECEIVING TUBES—The RCA Reeceiv- 
ing Tube Manual, RC-19, contains 
technical data on tubes for radio and 
TV receivers and other applications. 
The revised edition covers basic tube 
theory and application information and 
has new popular circuits in the back 
of the book. Copies of the manual are 
75¢ each from Commercial Engineer- 
ing, Electron Tube Div., Radio Corpo- 
ration of America, Harrison, N. J. 


TRANSISTOR CHARACTERISTIC COM- 
PARISON CHART—The dynamic collec- 
tor resistance and common emitter 
current gain have been selected as the 
most useful common denominators for 
the comparison and selection of triode 
transistor relative performance char- 
acteristics on a chart which indicates 
type, relative power handling capacity, 
material and recommended application. 
Indicated current gain, plotted on chart 
ordinate, was taken from the estimated 
center of the characteristic curve assum- 
ing zero loading or a vertical load line; 
the dynamic collector resistance, on the 
chart abscissa, was taken from the 
center of its family of curves. Through 
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~NEW BLOWER : SMALL PACKAGE / BIG COOLING 


For cooling an electronic hot box in a missile or airplane Globe Industries’ 


new Type FC blower is the optimum combination of high performance and 
small size. Only 2',” in diameter it can handle 100 cfm. of air against a 
back pressure equivalent to 3.5” of water, or up to 169 cfm of free air. 
Weight is 14 ounces, and units are designed to meet MIL specs. The unit 
pictured is powered by a 115 or 200 v.a.c., 400 cycles, 3-phase Globe type 
FC motor. Three mounting options are available. A smaller version will be 
announced soon. 

If your ‘‘optimum’’ requirement is something more or less potent than 
the new Type FC, consider these facts: 1) Because Globe is the largest 
manufacturer of precision miniature motors, Globe engineers have the 
greatest possible access to standard as well as developmental motors to 
meet requirements exactly. 2) Globe's cooling specialists are expert in high 
efficiency propeller design. 3) Globe's extensive blower and fan line may 
already contain what you need. Orders for one, ten, or 10,000 blowers are 
welcomed. Request Catalog B-1 for technical information about Type FC 
and other miniature cooling equipment. GLOBE INDUSTRIES, INC., 1784 
Stanley Avenue, Dayton 4, Ohio. Telephone BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. 
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NWL WATER-COOLED SOLENOIDS 


These water-cooled Solenoids produce high-intensity 
magnetic fields. Nothelfer Solenoids are especially designed 
to develop 140,000 ampere-turns and dissipate 50 kilowatts 

of DC power in continuous operation. 


To supply DC power for these and similar applications, NWI 
furnishes polyphase transformers, rectifiers, saturable reactors 
and manual or automatic control, as required. 


These Solenoids are built by Nothelfer and designed by 
Magnetic Specialties Inc., (a NWL associate). We shall be glad to 
receive your specification and quote you accordingly. 


ESTABLISHED 1920 
ea 
fa» 
«NEMA! 
\ BS SAY: NO—TEL—FER 


ata 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455,ep!. EM-6 Trenton, N. J. 
Specialists in Custom-Buiiding 
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the use of the chart, the designer is 
guided to the selection of just a few 
types for closer analysis of the manu- 
facturers’ data sheets. Copies of the 
three color, 17 x 22 in. chart are $1.00 
each from American Machine & 
Foundry Co., Alexandria Div., 1025 No. 
Royal St., Alexandria, Va. 


MULTIPLIER PHOTOTUBES — Current 
line of multiplier phototubes, specifi- 
cations and circuit data with informa- 
tion on a complete line of potted voltage 
dividers and ultraviolet and “solar 
blind” response tubes are presented in 
90-page catalog. The second edition of 
“Du Mont Multiplier Phototubes” dis- 
cusses operational theory and applica- 
tions of standard and special types. 
Material includes typical response 
curves and a curve of the type of re- 
sponse that can be expected of “solar 
blind” tubes. Available upon letterhead 
request from Sales Dept., Electronic 
Tube Div., Allen B. Du Mont Labora- 
tories, Inc. 750 Bloomfield Ave., Clif- 
ton, N. J. 


WIREWOUND POTENTIOMETERS—Cat- 
alog of 28 pages gives specifications, 
diagrams and general information on 
line of single-turn, precision _potenti- 
ometers. Diameters include 1/%-in. mi- 
crominiature to 5-in. high-resolution 
types. Series of sine-cosine and trim- 
ming types are described. Copies are 
wailable upon letterhead request, with 
title indicated. from  DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1. N. Y. 


GENERAL-PURPOSE RELAYS — Relays 
ranging from small multi-contact midg- 
ets to sensitive, heavy duty, medium 
power and powel! types are described in 
16-page catalog. Dimensional drawings, 
contact arrangements, current and coil 
operating data, operating speeds, ter- 
minals, weights, enclosures, terminal 
headers and mounting information is 
included. Where it is possible to equip 
a coil with copper slug for time delay, 
it is so specified. Catalog may be ob- 
tained upon letterhead request to D. O. 
Boucher, Guardian Electric Mfg. Co.., 
1621 W. Walnut St., Chicago 12. 


ELECTROMECHANICAL COMMUTA- 
TORS—“Abbreviated Catalog of Elec- 
tro-Mechanical Commutators” describes 
multi-channel signal-sampling devices 
using electronic and electromechanical 
means. Illustrated catalog 1-59-B gives 
details on model and specification draw- 
ing numbers, number of poles and 
channels, drive and brush types, me- 
chanical features and_ applications. 
Available upon letterhead request from 
General Devices, Inc.. Box 253, Prince- 


ton, N. J. 
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HOW LOUIS ALLIS 
DOUBLED THE BENEFITS 
UF SIL-FOS BRAZING 


Higher operating temperatures and output demands in electric motors 
have prompted Louis Allis of Milwaukee, Wisconsin, to switch from 
soft solder to SIL-Fos 5 brazing on their stator windings. No stranger 
to S1L-Fos, Louis Allis has brazed rotor end rings for years. Now they 
get these benefits on both vital parts of their motors: 


Here, operator hand brazes a winding on a motor 
STRENGTH—The strength of a properly designed and brazed SIL- stator. Increasing motor output requirements 


Fos joint exceeds that of the metals joined. Furthermore, joints demand greater overall operational reliability. 


do not “‘creep”’ even when hot. Here are some typical values: With aaa 5 brazed joints reliability is 
assured, 


at 300° F in copper: 30,000 psi. In brass: 35,000 psi. 
at 400° F in copper: 28,000 psi. In brass: 31,000 psi. 


conbuctivity—Tightly fitted standard lap joints are fully as 
conductive as copper. 


puctitity—SIL-Fos joints have exceptional ductility; enabling 
them to withstand stresses and strains of vibration, shocks 
and radical temperature changes fully as well as the metals 
they join. 


EASY INSTALLATION —FAST PRODUCTION— With SIL-FOS you can get 
any production you want—you have a choice of heating meth- 
ods, jigging setups, inspection techniques, etc. 


ECONOMY—Low flow point, fast brazing action, reduced labor 
costs, and vastly reduced reject rate, plus the small amount of 
alloy needed to make a joint put SIL-FOs in a low-cost category 
unequaled by other methods. 


Silver a to flow , a Flowing - 
Content xX 





SIL-FOS Wide 1185 a, 
Melting 
SIL-FOS 5 Range 1195 646 ah 


For use in joining ONLY nonferrous metals. Used particularly on copper, brass and bronze. Rotor ring hand brazing with SIL-Fos has long 
Specially effective in joining pipe and tubing and on electrical work. been the practice at the Louis Allis Co. The 


success achieved here has been applied to the 
above with equally excellent results. 


Further details on S1L-Fos and es 
SiL-Fos5.can behadintheform of ©<—2--—\ Your NOAM Source of Supply and Authority on Brazing Alloys: ::: >» 
Technical Literature from Handy =| " 

& Harman. Send for Bulletin 20. Our 


. . HANDY & HARMAN CHICAGO, 141 
research and engineering people ae HANDY & HARMAN 
a bETROo ice 


ready and willing to help you with peat lie , . LOS ANGELES. ¢ 
any metal joining problem or plan ice , General Offices: 82 Fulton $t., Mew York 38, M.YV.  crecano ’ 


you may have. DISTRIBUTORS IM PRINCIPAL CITIES sana 


BRIDGEPORT. CONN 
PROVIDENCE WY 
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ANACONDA OFFERS ONE 
CONTROL CABLE FOR PRACTICALLY 
ALL 600-VOLT APPLICATIONS: 
ANACONDA THERMOPLASTIC 
20-10 CONTROL CABLE! 


Polyethylene—Densheath* (PVC) 
construction provides superior fea- 
tures, makes possible new econo- 


mies and improved service through 


standardization. 


Anaconda—after testing a wide range of designs 
— recommends 20-10 Control Cable as today’s 
superior all-purpose thermoplastic cable for 
600-volt service. Here is a standard control 
cable for practically every 600-volt application 
—one that simplifies your ordering, stocking, in- 
stalling, makes possible new economies in time 
and money. 

Anaconda 20-10 Control Cable has been de- 


signed to meet all the exacting requirements for 


ASK THE MAN FROM 


ANACONDA 


FOR 20-10 CONTROL CABLE 
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the highest quality control cable. Each conduc- 
tor is insulated with 20 mils of polyethylene, 
then covered with 10 mils of Densheath (PVC). 
This construction combines the full IPCEA rec- 
ommended insulation thickness (30 mils for 600 
volts ) with the fame retardance, excellent color 
coding and abrasion-resistance of PVC. 

This composite design results in a control 
cable that can be used in virtually all 600-volt 
control applications. It can be installed aerially, 
in conduits, trays or ducts, and directly buried. 

For 1000-volt rating, this same design is rec- 
ommended, with the thickness of Polyethylene 
and Densheath (PVC) increased to 30 and 15 
mils respectively. 

Write for descriptive bulletin DM-5844 for 
complete technical details on Anaconda 20-10 
Control Cable. Anaconda Wire & Cable Com- 


pany, 25 Broadway, New York 4, New York. 


*Keg. U.S 


ANACONDA WIRE & CABLE COMPANY 
25 Broadway, New York 4, New York 


Gentlemen: 

Please send me a copy of Bulletin DM-5844 containing full 
technical information on Anaconda 20-10 Thermoplastic Con- 
trol Cable. 

Name.... 


Company.... 


Address 


<<< ee eee ee ee ey 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 


New 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


SUBMINIATURE BRIDGE 
RECTIFIER 


Silicon rectifiers provide miniaturiza- 
tion in missile, airborne and ground- 
system circuitry and operate at tempera- 
tures to 165 C. Bridge rectifier assem- 
blies available with ratings from 50 to 


500 piv with d-c output currents to 
0.8 amp. Other circuit configurations 
obtainable on request. International 
Rectifier Corp., 1521 E. Grand Ave., El 
Segundo, Calif. > 479 


REFERENCE SILICON DIODE 


Featuring a temperature coefficient up 
to 0.0005 per cent per deg C from —55 
to +185 C, temperature-compensated 
reference element is rated from 9.0 to 
9.8 volts at 10 ma, with Zener impedance 
of 15 ohms. Cases are glass-sealed and 


204 


hermetically welded. U. S. Semiconduc- 
tor Products, Inc., 3536 W. Osborn Rd.. 
Phoenix. Ariz. > 480 


DIFFERENTIAL 
TRANSFORMER 
Subminiature variable differential trans- 
former may be used as a displacement 
transducer. The DT-401 features: com- 
plete encapsulation, interchangeable 


EB 


Or 


cores, magnetic shielding, and Teflon- 
insulated leads. Universal Toroid Coil 
Winding, Inc., 171 Coit St., Irvington 
iS re P >481 


MACHINABLE CERAMIC 


High-temperature _ heat-shock-resistant 
ceramic, which can be machined with 
no further firing required, is available 
as rods, disks and custom shapes. HT-2- 
M can be machined on conventional 
machine-shop equipment using carbide- 


tipped tools. No allowance for firing 
shrinkage needed. Usable to 2200 F. 
Duramic Products, Inc., 262-72 Mott 
St.. New York 12, N. Y. > 482 


PLUG-IN FLIP-FLOP 

Flip-flop package Model FF3 is one of 
over 30 types of transistorized modular 
logic cards available. Up to eight cir- 
cuits per card provided. Logic cards use 


germanium diodes and transistors rated 
to operate to 65 C ambient. Circuits 
operate at input signal levels of —0.5 to 
—4.5 volts, permitting use of passive 
diode logic. Operating frequencies, d-c 
to 500 ke. Digitronics Corp., Albertson 
Ave., Albertson, L. I., N. Y. > 483 


SILICON POWER RECTIFIERS 


Diffused-junction rectifiers for indus- 
trial power applications provide 12 amp 
current output over piv range of 50 to 
500 volts. Nickel-plated Series X12F 
has eyelet construction of the top Jead 
and is stud-mounted. International Rec- 
tifier Corp., El Segundo, Calif. —>484 


CLEAR THERMOSETTING 
PLASTIC 


Thermoplastic resin provides 90 per 
cent light transmission, does not dis- 
color and has shrinkage of 0.0025 in. 
per in. Maraglas resin supplied as low- 


viscosity liquid which does not need 
melting before blending with liquid 
hardener. Blend pot life, 10 hr. Re- 
quires 16-hr cure at approx 150 C. 
Suitable for machine housings (illus.), 
panels and structural parts, tubes and 
piping, and encapsulation. Marblette 
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DESIGNS THAT WORK nee WITH 


SYN CHAOL “ 


TIMING MOTORS 


Precision-engineered SYNCHRON synchronous 
motors operate smoothly, efficiently in any position at 
temperatures from —40°F to + 140°F ... start instantly 
under load... pull up to 20 ‘n, oz, at 1 r.p.m. Speeds 
from 0.8 r.p.m. to 600 r.p.m, 


UL and CSA approvals 


BUILT FOR PERFORMANCE 


1 PATENTED TWO-PIECE 
FIELD STRUCTURE 


DOUBLE BEARINGS in 
reduction train 


ALUMINUM ROTOR 
RING SUPPORT. 


PATENTED, HARDENED 
STEEL ROTOR RING. 


OIL STORAGE RESER- 
voir with patented 
oil feed to bearings. 


HEAVY BRASS ROTOR 


7 DOUBLE BEARINGS ON 
OUTPUT SHAFT. 


8 GEAR CASE SEALED 
against oil leakage to 
permit mounting in 
any position. 


9 FOUR CONVENIENT 
MOUNTING HOLES. 


10 BRASS GEARS. 
11 STEEL PINIONS, 


12 BAKELITE GEAR for 
quiet operation, 


SY INCHIROLY 


: for euch neguiennbi | 


STANDARD TIMING MOTOR (8 IN. OZ.) 
Compactly built to space saving dimensions, with rotor 
and coil packed in a sturdy hand-sized case. Used in 
timing devices and controls of all types. Guaranteed 


torque 8 in. oz. at 1 r.p.m, 


HI-TORQUE TIMING MOTOR (20 IN. OZ.) 


There's big power packed into this versatile timing motor. 
One year guarantee. Dependable, accurate, trouble-free, 
Guaranteed torque 20 in. oz. at 1 r.p.m. 


SLO-MOTION TIMING MOTOR 


Versatile new pear-shape timing motor developed espe- 
cially for replacement application. 110 speeds available 
within 4 r.p.h. and 360 r.p.m, 


HANSEN CLOCK MOVEMENTS 


For standard and office clocks, sign clocks, novek, 
clocks, and clocks of all kinds up to 26” in diameter under 
glass. Precision power with a Synchron timing motor, 


HANSEN MAGNA-TORC DC MOTOR 


Designed for aircraft instruments and radio controls. 
Armed Forces applications have proved its top perform- 
ance world-wide under all operating conditions, Easily 
adapted to commercial uses, 


“Workhorse of the industry” er 
synchronous motors, timing machines, ‘ 
clock movements, magnatorc DC motors 


HANSEN MFG. CO., INC. te 


ESTABLISHED 1907 


PRINCETON 16, IND. 


FOR FULL INFORMATION CALL OR WRITE TODAY 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow Electric Co., New York, N. Y., Chester, Conn., Philadel- 
phia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBST R 3- 7591) and Oakland, Calif.; H. C. Johnson “Agencies, Inc., Rochester, 
Buftalo, Syracuse, Binghamton and Schenectady, New York. 
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Chromates 
on Zinc 


Now ... at a low, low cost... you can 
get brilliantly bright and sparkling colors 
from an improved Luster-On Chromate dip 
process for your zinc-plated small parts. 


And ... even more important . . . these 
are not just dull identification colors. They 
are glamorous and sales-building golds, 
yellows, blues, reds, greens, violets, brass 
and copper hues. 


Write today for the full story on revolu- 
tionary LUSTER-ON COLOR. Sample 
gladly processed free. 


use STRIPODE 


the proved addition agent 
@ to strip nickel plate faster. 


@ to protect the base metal 
from pitting, roughening 
and etching. 


to save on use of acid. 


to eliminate need of sand 
blasting or heavy buffing. 


Order a trial gallon 


emical 


Corporation 


63 Waltham Ave. « Springfield 9, Mass. 


West Coast: Crown Chem. & Engr., Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd., Montreal 
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Corp., 37-31 Thirtieth St., Long Island 
City 1, N. Y. >485 


ADJUSTABLE FIXED RESISTOR 


Trimmer potentiometers have molded 
resistance element and molded carbon 
brush with self-locking 25-turn moving 


element. Adjustment screw has clutch 
to prevent overtravel damage. Type R 
resistors rated 14 watt at 70 C ambient, 
350 volts max. Available from 100 ohms 
to 2 megohms +10 and +20 per cent. 
Allen-Bradley Co., 136 W. 
Ave., Milwaukee 4, Wis. 


Greenfield 


> 486 


RUBBER-RESIN ADHESIVE 


Solvent-resistant adhesive formulated 
for laminating Mylar to resin-impreg- 
nated papers, kraft 
varnished fabrics and papers is used 
with phase and layer insulations in 
electric 


asbestos papers, 


motors, generators and trans- 
formers. Laminations using the L379 
adhesive can be dipped in varnishes 
containing aromatic Rubber 
& Asbestos Corp Ave.. 
Bloomfield, N. J. > 487 


solvents. 


COMMERCIAL TIMER- 
PROGRAMMERS 


Electrical programmer applications are 
vending machines, appliances, automa- 
tion controls, industrial programming, 
advertising displays and numerous 
others where pre-determined electrical 
switching is needed. Features are: 
one to eight SPDT snap-action switches; 
cycling times, 30 sec to 24 hr per 
cycle; timing program set up during 


manufacture to meet application re- 
quirements. Power input, 2 watts to 
motor at 115 volts, 60 cps. A. W. Hay- 
don Co., Waterbury, Conn. > 488 


FLEXIBLE SERVICE CORDS 


UL-approved cords include Type SVT 
Plasticord for light-duty applications 
such as vacuum cleaners, food mixers 
and office machines; SJT for heavier 
appliance duty as in electric mixers, 
polishers, washing machines and _port- 
able appliances; and ST for supply 
lines of heavy-duty portable machinery. 
Chester Cable Corporation, Chester, 
a es > 489 


POTENTIOMETER-TYPE 
DELAY LINES 


Standard model is in 3 in. diam case 
with delay time variable from 3 to 30 
psec. Shaft rotation, 210 deg. Delay 


lines of length ranging into millisec 
are available on special order in multi- 
turn construction. Digital shaft knobs 
can be supplied. Deltime, Inc., 608 
Fayette Ave., Mamaroneck, N.Y. ~>490 


TEFLON-FIBER-GLASS TAPE 

Thermal-curing, pressure-sensitive, Tef- 
lon-impregnated fiber-glass tape can be 
used as bundling tape under clamps, as 
splicing tape for high-temperature wire 
and as residual glass insulating layer 
should Teflon and adhesive burn out at 
temperatures over 700 F. Tempera- 
ture range, —100 to +500 F. Adheres 
to any dry, clean surface. Available in 
18-yd_ rolls %, 34, 1, 1% and 2 in. 
wide. Connecticut Hard Rubber Co.. 
107 East St., New Haven, Conn. ~>491 


VACUUM-SEALED 
CIRCUIT BREAKER 


Subminiature electrical circuit breaker 
sealed in glass envelope is controlled 
by time and temperature. As tempera- 
ture decreases or overload is removed, 
bimetallic current path is automatically 
re-set after being tripped by excessive 
current or external heating. Breaker 
operates at 12 to 115 volts, with 5-amp 
max current. Trip time, 7 to 40 sec at 
5 F. Sylvania Lighting Products, Div. 

(Continued on page 209) 
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AUTO-LITE. OFFERS ONE-STOP SERVICE 
WITH THE COMPLETE LEAD WIRE LINE 


SILICONE 
RUBBER 


Silicones operate successfully where 
natural rubber and plastics break 


ACRYLIC 
TAPES 


Auto-Lite acrylic-coated glass tape 
insulation offers added protection 
under severe conditions. Unaffected 


down. Available in many formula- 
Lie ea a ee 


tions and sizes. 80 90° 105 
idee 


Pi 


VOLTAGE RATINGS 
600 V, 1000 V, 3000 V 


by common refrigerants and most 
solvents. 


TEFLON* 
FILMS 


For continuous operation from —65°C 
to 200°C. Available extruded or 
taped in a choice of colors. 


PVC FILMS 


(polyvinyl chloride) 


Uniform quality plastic insulation Sit, 4 >\ 
2 " ai Se 
for temperatures from —65° C to 4a A= 
‘ . . 7 
105°C. Offered in many formulations. e. - 
CLASS A, B, F, 


PC *DuPont registered trademark 


Auto-Lite offers complete service 


for all your lead wire needs 
— ANY QUESTIONS? Our new 


Fast delivery from the warehouse, fast service Wire Research Center will 
on your wire problems from America’s finest 


wire research laboratory. This ultra-modern 


give you quick answers to your 


wire problems. Write today for 
laboratory is completely equipped to perform full information. 
all qualification tests of wire for military speci- 

fications. These facilities are also available to 

solve your problems quickly and efficiently. 

AUTO-LITE General Products Group 
Wire & Cable Division 


Toledo 1, Ohio 
a Please send wire catalog 
® Name 


GENERAL PRODUCTS GROUP Company 
WIRE AND CABLE DIVISION * TOLEDO 1, OHIO 


Plants at: Hazleton, Pennsyivania « Port Huron, Michigan 


Address 


City and State 
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Thrifty New Type 80 


RBM Geutuctior 


FOR AIR CONDITIONING 
COMPRESSORS 


Here is another RBM development exclusively for the 

air conditioning industry. Type 80 is a specific design for 3 HP 
or nominal 3-ton single phase compressor application. 
Exceptionally reliable performance. Low priced to meet 
needs of volume users. 


SOUNDLY DESIGNED FOR LONGEVITY 
AND RELIABILITY 


STANDARD 4a" QUICK SPECIAL MAGNET DESIGN 
CONNECT CO/L TERMINALS POLE ARRANGEMENT /NSURES POS/TIVE 
OR LEAD WIRES (/4’) 2 POLE N.0.ONLY CONTACT ACTION-NO 
KISS POS'TION 


WV OURABLE MELAMINE BLOCK 
AND CARRIER 


CONTACT RATING. 25 AMP. CONTINUOUS, 
/50 AMPS. /NRUSH AT 250 V.A.C. 


t CONTACT TERMINALS : SCREW TYPE 
W COIL RATING: 24.120, 208, 240V. 60 CY. 
b- EXCEEDS RIGID REQUIREMENTS OF 


LARGE DOUBLE BREAK WL LISTED 
SILVER ALLOY CONTACTS FILE NO F/2/39 INDUSTRIES LARGEST USERS 


Consult Your Local RBM Product Application Engineer or Write For Bulletin No. C10 


RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Factories Located at Peru, North Manchester and Logansport, Indiana 
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of Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. >492 


EPOXY-GLASS LAMINATES 

Laminates meet military specification 
MIL-P-18177B, Type GEE, and NEMA 
G10. T-525 copper-clad is for normal 
printed-circuit applications. T-525N 
copper-clad will withstand cyanide solu- 
tions for gold plating. Can be punched 
at room temperatures and drilled or 
tapped perpendicular or parallel to 
laminations. Richardson Co., 2700 Lake 
St., Melrose Park, III. > 493 


SILICON DIODES 


Diodes manufactured by controlled fu- 
sion process have working voltages 
through 300 volts and forward currents 


over 144 amp at 1 volt. Type CD1111 
through CD1116 reverse currents are 
below 5 millimicroamp at max working 
voltage. Continental Device Corp., 12911 


Cerise Ave., Hawthorne, Calif. > 494 


EPOXY FIBER-GLASS TUBING 


Epoxy resin-bonded tubing, designated 
as Phenolite G-11-3680 or G-11-3681, 
can be combined with inner and outer 
layers of other materials, such as vul- 
canized fiber and metal foil. Typical 
uses: miniature coil forms, lighting ar- 
restors for power transformers and air- 
craft fuel gage probes. Available from 
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1% to 11 in. ID with wall from 0.010- 
to 5.5-in. thick. Max ratio of wall thick- 
ness to ID is 1 to 2. National Vulcan- 
ized Fibre Co., 1059 Beech St., Wilming- 
ton 99, Del. >495 


SIDE-ENTRY TERMINAL 
BLOCK 


Molded phenolic base with reinforced 
barriers numbered 4- 
terminal cavities are features of the 


between the 


T-1010 terminal block. Up to 40 con- 
nections per block. Terminal lugs and 
block sockets are gold plated. Twin 
Lock Inc., 1024 W. Hillerest Blvd. 
Inglewood, Calif. > 496 


HARMONIC GENERATOR 
DIODE 


R-F input to generator in 26.5- to 40.0 
kme frequency range generates har- 
monic power over 53.0 to 80.0 kme. 
Min conversion efficiency at 70 kme is 
20 db. R-F drive of 50 mw produces 1 
mw at 70 kme. MA-435 generator may 
be coupled to UG-600/U (RG-96U) 
and UG-385/U (RG-98/U) for input 
and output, respectively. Rectified cur- 
rent may be measured at meter termi 
nals provided. Microwave 
Inc., Burlington, Mass. >497 


\ssociates, 


VERNIER SPEED DRIVE 


lor adjustment to any speed setting 
or duplication of previous speed. set- 
tings, the Humphrey Servotran  vari- 
able-speed drive can be furnished with 
an accurately calibrated, vernier, 10- 
turn. dial. Applications: automation 
equipment, chart drives in recording 
instruments, remote controls, com- 
puters, and machine tool feeds. The 
2 sq. in. model provides forward and 
reverse output shaft speeds infinitely 
variable from 0 to 1200 rpm _ with 
motors in the 1/100 to 1/40 hp range. 
Larger and smaller models are avail 
able. 

Drive also furnished without the 
10-turn dial for use as an integrator. 
Ii may be shifted from full forward 
to full-speed reverse in 0.05 sec by 
substituting a direct-acting lever for 
the 10-turn dial on the control arm. 


Control shaft movement, +10 deg; 





Consult 
Your Local 
Essex Product 


/ Application 


fi 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber powe 
supply cords. Terminations of all types (moide 

plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, ill. ® 


GENERAL 


_ PURPOSE 
RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, ind. 


ee 
ee 
WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, Ind. SS. 


ESSEX 
WIRE 


CORPORATION 


PROOUCTS 
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All Contact 
Materials eo 
are Specials! 


When you need top quality and fast 
service, specify Leach & Garner. All mill 
shapes and types available, including 
toplay, thrulay, inlay, overlay, edge- 
lay, wire and tubing with alloys of 
Gold, Silver, Platinum and Palladium 
Also available are silver and gold 
solders, silver and laminated wave- 
guide tubing, precision rerolling and 
redrawing of non-ferrous metals, 
Engineering assistance available. 
Quotations rendered promptly. 
We build our business 


jf on prompt deliveries at 
competitive prices 


3 


INDUSTRIAL DiviSiton 
ATTLEBORO, MASS 


each & @ arner 


NEW YORK 
CLEVELAND 


CHICAGO 
DAYTON 


LOS ANGELES 
DETROIT 


For prompt quotations write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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control torque, under 2 in.-oz; output 
torque, adjustable; efficiency, 85 to 95 
per cent. Humphrey, Inc., Humphrey 
Products Div., 3794 Rosecrans St., San 
Diego 10, Calif. > 498 


EPOXY CONDUCTIVE 
COATING 


Two-component epoxy coating offers low 
resistivity (0.008 
toughness and adhesion to a variety of 


volume ohm-cm), 
surfaces. Hysol 6251 may be used for 
rebuilding areas worn away by sliding 
contacts and as conductive base for 
plating plastics. Working time, over 4 
hr after blending base and activator. 
Houghton Laboratories, Inc., 322 
Houghton Ave., Olean, N. Y. > 499 


POTTING COMPOUND 


Modified epoxy potting compound has 
average linear coefficient of thermal 
expansion of 14 10° in./in./deg F. 
Rigid, dimensionally stable Formula 
P-20 compound is resistant to thermal 
shock and may be used for potting 
metallic components. Pot life, 1 hr at 
200 F. Does not shrink on curing. 
Bacon Industries, Inc., 192 Pleasant 
St., Watertown 72, Mass. >500 


CARBON BRUSH 


Brush’s “Red Top” surface, of glass- 


fiber-reinforced plastic, resists any 


spring finger indentation or wear; neo- 
prene pad combined with it absorbs 
vibration and shock. Helwig Co., 2554 
No. 30 St., Milwaukee, Wis. ->501 


GOLD DYE FOR IRIDITE 


Gold dye for use over a clear Iridite 
chromate conversion film is applicable 
to zinc-plated products such as wire 
goods, tubing and other items in ap- 
pliance field. GO-1 dye is applied to 
tridite film by 15 to 30 sec immersion 
in 70 to 90 F dye solution. Allied Re- 
search Products, Inc., 4004 E. Monu- 
ment St., Baltimore 5, Md. >502 


COMMON-ANODE 
CAPACITORS 

Miniature electrolytic capacitors, with 
dual capacitors in one case and isola- 
tion between cathodes, allow use of 


individual capacitors for dual filtering, 
by-pass or coupling. Type SMTUCP 
supplied for upright and axial mount- 
ing. Illinois. Condenser Co., 1616 No. 
Throop St., Chicago 22. ~>503 


FLEXIBLE TEFLON TUBING 


Fused-film Teflon tubing can be bent 
around a mandrel less than 10 times 
its diam without collapsing its 6-mil 
walls. Available in sizes No. 13 to 26 
AWG. Sizes No. 10, 11 and 12 will be 
available with 8 mil wall. Inso Elec- 
tronic Products, Incorporated, Union, 


N. J. >504 


SOFT NEOPRENE COMPOUND 
Three neoprene compounds are avail- 
able in Durometer readings of 7, 11 and 
15: with tensile strengths of 510, 853, 
1200 psi; and elongation of 800, 723, 
650 per cent, respectively. Mechanical 
Rubber Products Company, Warwick, 
N. %. ~>505 


CERAMIC-CASED RECTIFIERS 


Diffused silicon rectifiers, with dense- 


alumina ceramic case, provide 1.5 amp 
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ideas on “Customeered” 


RUBBER PARTS 


“Customeered” 
components 
basic to industry 


... their design and application for improved product performance 


No. 1 


New ORCO continuous process now custom molds 
precision rubber parts in volume—at less cost! 


Precise tolerances within +0.003 in, 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions, 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 


Direct feeding, from the mill to the 
mold wheel, eliminates the conventional 
intermediate extrusion step and further 


066 ) THIS £0GE OF HOLE 
TO BE SHARP 


High-precision is indicated in the close toler- 
ances of this quadruple-landed seal for auto 
shock absorbers— more economically produced 
in volume through Ohio Rubber’s new high- 
speed, continuous molding process. 


A DIVISION OF 
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Wide range of parts being more economically produced through Ohio Rubber’s new molding process 
include (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod packing, 
universal joint seal, and oil seal. These, like all the many other small, precision parts already produced 
or being produced, vary in dimensions up to 1/2’ in diameter and 1” in thickness. 
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insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 


Quantity requirements involving 
500,000 or more parts annually are 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service — 
molding, extruding, and bonding-to- 


metal. Just mention ORCO Bulletin 715. 
9DE1 


Quio RusserR COMPANY 
WiLLouGHney, QOuio 


THE 
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“Fansteel’s new 35 amp. 
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Instruments, Inc., Dallas, Tex. 506 


MINIATURE CERAMIC 
CAPACITORS 

Ten-volt capacitors have +7 per cent | 
variation in capacity from 10 to 85 C. 
Available values: 0.05, 0.1, 0.2 and 
0.47 wf with production tolerance range 
+80, —20 per cent. Leakage resistance, 
50-k ohms at 10 volts d-c. Centralab, 
900 E. Keefe Ave., Milwaukee 1, Wis- 
consin. >507 


FIVE-INCH 
SAPPHIRE WINDOWS 


Synthetic sapphire for infra-red, ultra- 
violet and microwave applications can 


He’s talking 
PPh the be produced in diameters to 5 in. and 


in large contoured shapes. Two boules 


pictured are unpolished. Linde Co.., 
Fansteel ry: Div. of Union Carbide Corp., 30 E. 42nd 


re St., New York 17. >508 
SUT TT 
MULTI-WIRE CONDUCTOR 
Power FABRIC 


Teflon-coated copper wires are run side 


Rectifier. Lah by side and woven together by cross 


threads of nylon, fiber glass or Teflon 
yarn to form multi-conductor flat cable. 
Wires are color-coded. Wire fabric can 
be made any width on a special loom 


FANSTEEL 


PUN aa COUT ge 
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developed for this application. Fletcher 
Works, Inc., Philadelphia, Pa. ~>509 


LATCHING DEVICE 


Positive locking without springs and 
closing pressure of 200 lb with standard 


operating lever are features of Hook- 
Lock fasteners. Load-carrying capacity, 
750 lb for standard type. Heavier types 
available. Fastener extends 6 in. max 
from container surface, open or closed. 
Simmons Fastener Corp., No. Broad- 


way, Albany 1, N. Y. >510 


MULTI-CONDUCTOR 
COAXIAL CABLES 


Cabled 95-ohm miniaturized coaxial con- 
ductors with Teflon dielectric and viny] 


jacketing are arranged in three layers 
around center conductor. Teflon jacket- 
ing can be substituted for vinyl. Can be 
made with up to 92 conductors. Times 
Wire and Cable Co., Inc., Wallingford, 
Conn. >511 


SOLID-STATE VOLTAGE 
STANDARD 
Standard voltage unit provides accurate 


l-volt d-c reference within 1 microvolt. 
Model 401 Voltaloc is designed for in- 


VOLTAGE 
STANDARD 
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The new line of Fansteel Type STA Solid Tantalum Capacitors, 
with increased capacity and reduced case sizes, provides the most 
complete range of standard ratings available. A very important 
feature of the new line is that it very substantially reduces the 
quantity of different part numbers, thereby simplifying your inven- 
tory stocking problems (your Fansteel Representative will be glad 
to explain its full benefits to you). 

Type STA Capacitors are available in capacity ranges of .0047 to 
330 mfd—from 6 to 35 volts (wvdc) for applications where unfailing 
reliability, extremely small size, higher capacitance and extended 


ec 


operating temperatures (up to 125°C) are required. 


Send for Bulletin 6.112 


EANSTEEL 
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“Use the Fansteel BLU-CAP*. . 
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FANSTEEL’S NEW 


Ue 


FANSTEEL 


FANSTEEL METALLURGICAL CORPORATION North chicago, Wl., U.S.A. 
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put of 100 to 150 volts at 400 cps and 
operates in temperatures from —65 to 
+125 C, Output terminals, floating with 
respect to ground, may be shorted for 
zero output. Jackson Electronic & Mfg. 
Co., 695 Johnston Street, Akron 6, 
Ohio. >512 


BONDABLE TEFLON TAPE 


Teflon tape, fusible without using ad- 
hesives or chemical treatments, is a 
sintered and skived tape. When wrapped 


on wire, for example, and heated to 
over 620 F, Korabond bonds to itself 
and shrink-fits to wire conductor. Dixon 


Corp., Bristol, R. I. >513 


ROTARY-TORQUE 

POWER UNIT 

Unit converts hydraulic pressure into 
reciprocating rotary motion. Power out- 
put at 1000 psi will provide 500 in.-lb 


of working rotational torque from 5 


to 360 deg. Power unit will self-recip- 
rocate within adjusted range of motion, 
as well as permit semi-manual or full 
manual operation. Shaft speed and 
rotational direction are adjustable. 
Electric solenoid actuation (illus.) for 
rotation direction available. Rotational 
accuracy, +0 deg, 30 min. Installation 
requires hydraulic input pressure line 
and sump line. Cleveland Pneumatic 
Industries, Inc., 64 Old Orchard, 
Skokie, Ill. >514 


DRIFT TRANSISTORS 


Three p-n-p drift transistors of alloy 
type are intended for non-saturating 
switching circuits such as_ inverters, 
flip-flops and logic gates for pulse rep- 
etition rates to 10 mc. The 2N643, 
2N644, and 2N645 feature min gain- 
bandwidth product of 20, 40 and 60 me, 
respectively, for approx propagation 
times of 20 millimicrosec. JEDEC TO-9 
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outline dimensions. Radio Corp. of 
America, Somerville, N. J. >515 


MINIATURE CONNECTOR 


Connector is made of nylon FM 101 
and weighs 0.053 oz. Male and female 


sections are 0.490 and 0.580 in. long, 
respectively. Fluorocarbon Products 
Inc., Div. of U. S. Gasket Co., Camden 
tts e >516 


SENSITIVE PANEL METERS 


Current and voltage meters are avail- 
able in up to 23 ranges in one model, 
with full-scale sensitivities to 0.20 wamp. 
Withstands overload surges of 100,000 


per cent. Overload protection of 1,000,- 
000 per cent available on special order. 
Series 700 have energy consumption of 
8 < 10-'° watts. Meters measure trans- 
istor parameters directly without ampli- 
fication. Greibach Instruments Corp., 
315 North Avenue, New Rochelle, 
mM. xe ->517 


POLYCARBONATE-RESIN 

MILL SHAPES 

Thermoplastic forms made of the new 

Lexan polycarbonate resin developed 

by General Electric may be fabricated 
(Continued on page 217) 
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AND ANOTHER 


Silicon Rectifier 


FROM 


FANSTEEL 


Silicon Power Rectifier 


FANSTEEL 
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TANTALUM... 


A battery of vacuum 
sintering furnaces, 
designed and built by 
Fansteel engineers, used 

in the production of 
Capacitor Grade Tantalum. 


HE FIRST great step in making tantalum was 
| tal production of pure, ductile metal, which 
Fansteel’s director of research, Dr. Clarence W. 
Balke, accomplished in 1922. 

The second great step is still in progress. It is 
one thing to make a new metal; it is another thing 
to make it freely available in commercial quan- 
tities and to render technical assistance to its users. 
This metallurgical task will never be fully com- 
pleted as far as Fansteel is concerned, For, our 
definition of metallurgy includes the making of 
metals for a particular end use. 

Our work with tantalum capacitors has paral- 


Ieled our development of tantalum itself. And, 


Circle 216 on page 17 
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from the many grades of tantalum, Fanstcel metal- 
lurgists developed one grade which is particularly 
suited to capacitor manufacturing. 

Fansteel Capacitor Grade Tantalum is a pre- 
mium grade with properties especially useful in 
capacitor applications. It is unequalled for quality 
and uniformity, designed strictly to give outstand- 
ing capacitor performance and reliability. 

Fansteel Capacitor Grade Tantalum is specified 
by all leading capacitor manufacturers. The out- 
standing performance of today’s tantalum capacitor 
is directly attributable to Fansteel Capacitor Grade 
Tantalum. Fansteel Metallurgical Corporation, 


Rectifier-Capacitor Division, North Chicago, II. 


CAPACITOR GRADE 


TANTALUM 
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into close-tolerance finished parts for 
industry. Polypenco forms are charac- 
terized by impact strength, heat re- 
sistance, dimensional stability and good 
electrical properties. Available are rod 
from 14- through 4-in. diam; disks 6- 
through 18-in. diam and 14- to 2-in. 
thick; 14- to 1%%-in. thick plate and 
flexible mechanical tubing. The Poly- 
mer Corp. of Penna., 2140 Fairmont 
Ave., Reading, Pa. >518 


SELF-EXTINGUISHING 
XXXP LAMINATE 


Laminated plastic for electrical appli- 
cations under humid conditions is avail- 
able in plain sheets, designated as 
Dilecto XXXP-31EFR, and copper-clad 
sheets, Di-Clad 31EFR. Epoxy-impreg- 
nated cellulose paper is used as_ in- 
sulation for computers, radios and 
equipment requiring permanent flame- 
retardant properties. Laminate remains 


rapidly self-extinguishing after five 
ignitions. Absorbs 0.35 per cent water 
after 24-hr immersion. Continental-Dia- 
mond Fibre Corporation, Newark 107, 
Del. >519 


SELF-PROTECTING RECTIFIER 


Silicon rectifier produced by diffused 
technique may be protected against 
short-circuits, high surge currents and 


sustained overloads by using standard 
commercial fuses. Fuse rating of ap- 
prox 160 per cent of rms current is 
recommended, Rectifier stacks avail- 
able in half or full-wave configurations 
from 1.0 amp to several thousand, with 
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TRANSDUCER OUTPUTS 


displayed simultaneously 


without 
preamplification 


FEATURING 


1 mi!fivolt full-scale sensitivity 
Identical Y-amplifiers 

Common calibrated sweeps, or 
simultaneous calibrated and 
expanded sweeps 

Large variety of true dual-beam 
displays 

Transistorized for stability 

Each signal channel independently 
controlled 

X-Y plots available through front . 
panel switching 


HIGH SENSITIVITY 
DUAL-BEAM SCOPE 


The most sensitive dual-beam scope commercially available. 

The DuMont Type 411 will display low-level outputs 

from two transducers simultaneously, without any external 
preamplification — most important in electro-mechanical studies. 
Your transducer outputs can be displayed on common 

calibrated sweeps, or on a calibrated and an expanded sweep 

at the same time for simultaneous general and detailed studies. 
Each trace can be expanded 5 times full-scale horizontally 

and 3 times full-scale vertically for even greater resolution. 
Power supplies are regulated, and all critical amplifier circuits 
are transistorized for stability. The Type 411 Dual-Beam 
Oscilloscope is truly the most usefully-versatile laboratory 
instrument available for the electro-mechanical laboratory. 


Nm —? 


someon ‘DUMONr Alt 


International Division, 515 Madison Avenue, New York city 22, WY. 
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INSIDE AND OUT 


only EMC OR’ gives 


you more quality features 


EQUIPMENT MOUNTING: Adjustable panel 
mounting angles on all vertical panel space open- 
ings allow for easy recessing of equipment. 


FRAME COMPONENTS: Choose from hundreds of 


components . . . doors, side panels, drawers, etc. 
. in louvered, perforated or plain styling. 


(4 STURDY CONSTRUCTION: Heavy 14 gauge, prime 


quality, cold rolled steel offers rugged structural 


support . . . higher load carrying capacity. 


LONG LASTING FINISH: Light and dark gray 
metallic baking enamel applied over “BONDERITE” 
for a pleasing, dignified two-tone contrast de- 
signed to blend with equipment and colors in 
any application. 


Over 700 frames that can be joined side-by-side, 


1 front-to-back, back-to-back, one above the other, 


WRITE FOR YOUR COPY OF CATALOG 106 


or in any combination thereof for versatility in 
control center design. 


Originators of the Modular Enclosure System 


ELG 


630 CONGDON, 


IN METALFORMERS CORP. 
DEPT. 1232 * ELGIN, ILLINOIS 


*Registered Trademark of Elgin Metalformers Corporation 
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peak inverse ratings in 50 volt mul- 
tiples to thousands of volts. Trans-Sil 
Corp., 55 Honeck Street, Englewood, 
B..J. >520 


SERVO MOTOR GENERATOR 


The 2.75-0z Size 10 unit, for applica- 
tions where system damping is desir- 
able, is designed for operation directly 
from transistor servo amplifiers and 


will develop a stall torque of 0.3 oz-in. 
Free speed is 6500 rpm, and viscous 
damping is 31.1 dyne-cm/rad/ sec. 
Generator output is 0.16 volt per 
1000 rpm at 10-volt input, and 0.41 
volt per 1000 rpm at 26-volt input. 
Max generator null is 35 millivolts 
end 91 millivolts at inputs of 10 and 
26 volts respectively. Daystrom Transi- 
coil, Worcester, Pa. >521 


MANUAL STARTERS 


Starters rated through 714 hp, 440-550 
volts a-c and 2 hp, 230 volts d-c use 
only two moving parts in pushbutton 


mechanism. Mechanical-acting thermal 
overload operates independently of sec- 
ond overload or pushbutton mechanism. 
“Jog-Run” accessory for precise posi- 
tioning on a-c applications; in “jog” 
position it allows contact make only 
while “start” button is depressed. In- 
ternal latch locks switch in “start” or 
“stop” position. Furnas Electric Co., 
1024 McKee St., Batavia, III. 522 

(Continued on page 220) 
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Porter Vinyl Tape has been tested to meet the tough 
Westinghouse specification for use in new refrigerator- 


® freezer combinations, and has received unqualified 
Ce VINYL TAPE approval on every point. 


Westinghouse rated tapes on the following points: 
Breaking strength « Adhesion « Low- and _ high- 
temperature properties *« Staining « Moisture-resist- 
ance « Elongation « Odor « Dielectric strength « 
Effect on polystyrene—and Porter met the spec’s 
on every count! 


Special new winding and slitting techniques keep 


| 
Unqualified approval | Porter Vinyl Tape from telescoping on the roll, and 


help save space in tight spots where compact winding 
is essential. Another feature is its self-extinguishing 


by Westinghouse property—it will not support combustion. 
. . ie Get complete information by writing Thermoid 
Refrigeration Division! Division, H. K. Porter Company, Inc., Tacony & 


Comly Sts., Philadelphia 24, Pa. 


THERMOID DIVISION 


PORTER SERVES INDUSTRY : with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel —CONNORS STEEL DIVISION, VULCAN-KIDD STEEL 

DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, ‘Disston” 
Tools, ‘Federal’ Wires and Cables, “Nepcoduct’’ Systems—H. K. PORTER COMPANY (CANADA) LTD 
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« Magnet 
Assembly 


NEW Dual Voltage 110-220 
or 220-440 Volt Coil reconnect- 
able on the job. Magnet features 
just one moving part. 


NEW non- tracking Contact 
Block is impact resistant. Com- 
pletely visible and front remov- 
able silver-cadmium oxide con- 
tacts. 


FURNAS 
ELECTRIC. 


This NEW outstanding line of | 

Magnetic Starters features ad- 

vanced design to assure superior 

performance and longer life. 

It reduces parts inventory and 

provides quick and easy field 
lification. . 


Thermal 
Overload Relay 


N EW trip-free Thermal Over- 
load Relays—manual or auto- 
matic reset. Third overload re- 
lay kit can be easily added in 
the field. 


Modification 
Kits 


NEW Modification Kits  in- 
clude push button, selector 
switch, pilot light, and third 
overload relay. 


WRITE TODAY FOR FREE 


COLOR BULLETIN 14-Bl, featuring Magnetic 


through 400 bp. 


Batavia, Illinois. 


Starters 


1024 McKee 


Street, 


FURNAS ELECTRIC COMPANY 


BATAVUA, 


oe eee 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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TRANSISTOR SERVO- 
AMPLIFIER 


Miniature plug-in amplifier is designed 
to drive center-tapped motors from 
size 11 to size 15 with voltage gains to 


10,000. The A411 operates from single- 
phase 115-volt, 400-cps power supply 
over ambient temperatures from —55 to 
+120 C. Six-watt amplifier typical gain 
variation with temperature is less than 
+10 per cent. Westamp, Inc., 11277 
Ave., Angeles 25. 

>523 


Massachusetts Los 


Calif. 


SWITCH-TERMINAL 
PROTECTOR 

Protector for use with 
having l-in. mounting centers has 11 
knockouts. May be used with solder or 


basic switches 


screw terminals, on flat or step-base 
switches. Made of high-impact material. 
Acro Div., Robertshaw-Fulton Controls 
Co., Box 449, Columbus, Ohio. >524 


ADJUSTABLE VISCOUS 
DAMPED MOTOR 

Designed to replace motor tachometer 
feedback damping 
5752-05 Size 1] 


null or phasing 


used in 
Type 


normally 
applications, 


motor presents no 
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AUTOMATIC WASHER SPINDLE 


Is equipped with two Torrington 
Drawn Cup Roller Bearings for oper- 
ating stability and long pregreased 
life. Spindle thrust is handled by 
one compact Torrington Needle 
Thrust Bearing. 


New Low-Cost Bearing Advances Design 
and Performance of Home Appliances! 


The new Torrington Drawn Cup Roller Bearing opens new possibilities for 
improved design and performance of washing machines and other major 
appliances. 

For the first time, the advantages of drawn cup outer race construction are 
available in a precision, compact and low-cost roller bearing. This construc- 
tion permits exceptional compactness, simple housing design and easy installa- 
tion by press fit. Highly efficient roller guidance and ample provision for 
lubricant storage insure smooth starting, cool running and extended service 
life, especially where high-speed operation and long pregreased life are required. 

Today’s designer now can secure the advantages of efficient anti-friction 
performance at low cost in an exceptionally lightweight, compact design with 
the new Torrington Drawn Cup Roller Bearing. For engineering assistance, 
call on your Torrington representative. And write for the new bulletin, 
“Torrington Drawn Cup Roller Bearings.” The Torrington Company, Torring- 
ton, Conn.—and South Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + THRUST + BALL + NEEDLE ROLLERS 
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when you need 


insulated wire 


that’s... 


then specify 


CONTINENTAL 
insulated wire 


There's a wide selection of types and sizes... insulated with as- 
bestos, nylon, polyvinyls, silicone rubber, glass, Teflon, Kel-F, and 
many other insulations in stock or especially engineered for your 
application. 


For more information, write giving amperage, voltage, diameter 
limitations, operating temperatures and conditions. 


OQz2 fiiz2e721fcal WALLINGFORD, CONNECTICUT 
wizre corporation YORK, PENNSYLVANIA 
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problem in the feedback loop. Damp- 
ing and gain independently adjustable. 
No-load speed adjustable to any speed 
desired between 4800 and 7300 rpm, 
depending upon damping characteristic 
required. Can be built in Navy Bureau 
of Ordnance Mark 14 characteristic. 
Meets MIL-E-5272A. Ambient tempera- 
ture range: —55 to +125 C. John 
Oster Manufacturing Co., Avionic Div., 
1 Main St., Racine, Wis. >525 


CLASS H INSULATION 


Asbestos-reinforced phenolic compounds 
for electrical insulation exhibit no 
appreciable loss in physical properties 
after 250 hr exposure to 500 F. Avail- 
able as sheet laminate, bulk molding 
compounds and sheet molding com- 
pounds. Rogers Corporation, Rogers, 
Conn. +526 


VITREOUS ENAMEL 
RESISTORS 


Fixed wire-wound resistors are avail- 
able in 3, 5, 10 and 20 watt types. 
Operating temp, 134 C max continuous 


at 40 C ambient. Resistors in 5 and 10 
per cent tolerance. Tru-Ohm Products, 
Div. of Model Engineering and Manu- 
facturing, Inc., 2800 No. Milwaukee 
Ave., Chicago 18. 527 


SEALING GLASS FOR 
STAINLESS STEEL 

Pressed and sintered glass can be 
hermetically fused to 430 Ti and 446 
stainless in a low-compression type seal. 
Multiform Code 9019 glasses are of 
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Proven epoxy coating for 
MIL-T-27A transformers rtereibatnlernt 


Flexible dipping resin, “SCOTCHCAST” Brand No. Ty nv 5 M f. 4 


253, gives smooth, uniform, highly shock-resist- 
ant coating with just a single dipping operation. 


““Scotcn” Branp No. 
253—a thixotropic resin 
—provides the ultimate 
in quality, appearance, 
and economy for encap- 
sulating transformers to 
meet MIL-T-27A specifi- 
cations. Now almost any 
configuration of trans- 
former can be success- 
fully impregnated with 

““ScoTcucast’’ BRAND a AX 
Resins Nos. 241 or 235, = Wl 

and then encapsulated | ; ypMiniATURE 
with No. 253 Dipping 5 WITCHES 
Resin with little or no $ saugn-remsoresr® 


design yew 3 CUT-AWAY view of transformer pront-aneraves © 

Units Will pass MIL- meeting MIL-T-27A specifications 
T-27A without walvers. shows smooth, uniform coating 
Processing time can be results possible with “Scotcucast” 


cut in half. Branp Resin No. 253. 
PRODUCTION ADVANTAGES 


**Scorcucast’’ No. 253 offers these important use 
features: 

1. Separate parts mixed in simple 1-to-2 ratio. 

2. Long pot life—4 days or more 

at room temperatures. 

3. Short cure cycle—1 to 2 hours at 250°F, 

4, Coating thickness can be controlled. 

5. No drip or sag during cure. 


USES FOR NO. 253 


“Scorcucast” Branp Resin No. 253 has been used 
for successful encapsulation of such units as trans- 
formers, solenoid coils, motor field coils, printed 
circuits, capacitors, and other electronic compo- 
nents. In addition, it can be used for specialized 
applications of brush, spray, or extruded coatings. 
We'll be glad to supply complete information and 
technical data on “Scotcucast” Resin No. 253 
upon request. Also available is a newly revised 
booklet covering impregnating and encapsulating 
transformers to meet MIL-T-27A specifications. Catalog No. 159 Catalog No. 359 
Details all six grades and gives four proven proc- ROE oon. ei sang cco ton Ste Seca tla 
cesses. Write to address below. 650°F), commercial, MIL: tivity, environment-free 
type, environment-free metal-cased, AN and JAN, dir 


LA 





ert A 

3M sales engineers are trained and experienced to aid or assist you on any Complete engineering data: dimension draw 
insulation applications. They are backed by 3M’s full Technical Service and ings, force and movement specifications, electrical 
Research organizations. For complete information, ask your regular 3M Rep- ‘ 
resentative, or write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. py.69. 


ratings, integral and auxiliary actuators, bases, 
terminals, circuit arrangements, and NEMA stand 


REG. U. 8. PAT. OFF. ard definitions of sensitive-switch terms 


SCOTCHCAST RESINS ae 


BRAND 


“SCOTCH ANO “SCOTCHCAST” ARE REGISTERED TRADEMARKS OF 3M CO.. ST. PAUL 6, 8 N F MA a X 4 vA H ey ‘ei | 
MINNESOTA. EXPORT: 99 PARK AVE. NEW YORK 16. N.Y. CANADA: LONDON, ONTARIO i 
Mitanesora [ifinine ano \fanuractunine company ‘ ia Sin ‘ 
+i WHERE RESEARCH 18 THE KEY TO TOMORROW IVES ROAD, WALLINGFORD, CONNECTICUT 
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glass particles pressed to shape and 

a fired at high temperatures. Expansion, 
ret ALLOV 98.5 & 10-7/deg C. Working point, 850 
— 4 ~£% : | to 1000 C range. Corning Glass Works, 
FOR GLASS HERMETIC SEALS | Corning, N. Y. ->528 


| STAINLESS-STEEL 
RETAINING RINGS 


Truare rings are being produced in 
precipitation-hardening stainless-steel 
alloy which provides corrosion resist- 


ance at temperatures to 1000 F. Armco 
PH 15-7 Mo is similar in corrosion 
resistance to the 300-Series stainless 
steels, but unlike the 300 Series, it 
may be hardened to provide necessary 
spring characteristics. Waldes Kohi- 
noor, Inc., 47-16 Austel Pl., Long Is- 
VACUUM-TIGHT land City 1, N.Y. 529 


SEALS! 
A SINGLE-CRYSTAL GARNET 


|, oa an | Another Yttrium-iron garnet in single-crystal 
rr hd Se Ga S cial Allo form may be used in parametric amp- 
a os - i . my lifiers and other microwave devices. 
tee a) Une fora Specific Available in sizes to 0.40 in. and weights 
to 2 gm. Resonance line width, under 
So Purpose hw 
212 392 372 Io 932 “f P 5 oersteds. Lattice constant, 12.373 A 
a 7 ene PROPERTIES +0.003. Microwave Chemicals Labora- 
rhis precision alloy was developed for Composition (Nominal) tory, Inc., 282 Seventh Ave., New York 
sealing metal to hard glass. Wilbur B. Nickel City 1. “> 530 
Driver Rodar is processed from melting 


to finished size in our own plant under oe ‘ion 


the strictest controls to insure consistent Melting Point MINIATURE PUSHBUTTON 
analysis, temper, uniform grain size and . . 1450°C. (Approx.) : © | SWITCH 

conformance to customers’ specifica- 5 

: Ae : ; pecific Gravity. . 8.36 Raed ti : ‘ : : a 
tions, The superior stamping and seal- Swite hes with an O-ring in stem com 
ing properties of Rodar make it the Weight Per Cubic Inch es taining pushbutton plunger and potting 


sit owe : Bi cu 3 around the leads seals out dirt, mois- 
preferred sealing alloy. Electrical Resistivity at ; . 


Rodar produces a permanent, vacuum- .. . 294 Ohms C.M.F. ture and oil. Scraper built into stem 
tight seal with simple oxidation proce- Tensile Strength ; 
dure and resists attack by mercury. 80,000 PSI 
Readily machined and fabricated, Hardness 

Rodar can be welded, soldered or +++» 02 B Rockwell 
brazed, Available in wire, strip and bar Elongation 

to your specifications. 30% (2° gauge length) 


Average Thermal 
Expansion, *Cm/Cm/°Cx10-6 
30° Te 200 C. 4.33 Te 5.30 
30° Te 300 C. ee 441 Te 5.17 
30° Te 400 C. cae 4.54 Te 5.08 
30° Te 450 C. ___ $.03 Te 5.37 


30° Te 500 C. 5.71 To 6.21 | | prevents ice and dirt from fouling 


“As determined from cooling curves, after annealing plunger. Stem and pushbutton plunger 
in hydrogen for one hour at 900°C. and for : one datas el: SPST Neel 
15 minutes at 1100°C are stainless steel; SF. unit rating, 


es 6 amp, 125 volts a-c resistive. Electro- 
| | snap Corp., 4220 W. Lake St., Chic 

WILBUR B. 4 tL ake St >s1 

DRIVER Co. 


hd RN teal Galleny MACHINE-WOUND TOROIDS 


| Subminiature high-inductance toroids, 
designed for transistor circuit applica- 


Temperature Range 





IN CANADA: Canadian Wilbur B. Driver Company, Ltd., 50 Ronson Drive, Rexdale (Toronto) 


— — nemtnanettie tet ane 
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NAUGATUCK PARACRIL 06ZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


- Now-the finest wire jackets can be Colored] 
cs 


FOR SALES APPEAL »- FOR SERVICE EASE 


New Paracril OZO—a superior rubber compound devel- compounds 


oped by Naugatuck — makes possible new eye appeal, new e excellent processability, with particularly fast extrusion 
ease of identification. And it outperforms standard wire 


aad d bh ' ® permanent retention of bright colors! 
jacket compounds many other ways, too! 


Compare new PARACRIL OZO with other wire jacket __ If you are not already using PARACRIL" for your wire 
jacket compounds or similar products requiring such proper- 


bbers. P f If, PARACRIL OZO gives: : 
eT ee Toe eee ee _— ties, chances are 1000 to it’s because you haven't yet tried 
® significantly superior ozone resistance PARACRIL OZO 


® greater fuel and oil resistance Why not try it—soon. Contact your nearest Naugatuck 
® much greater abrasion resistance than standard jacket representative at the address below. 


we 
Naugatuck Chemical Ts 
Division of United States Rubber Company lesmamnae tel 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA Naugatuck Chemicals Division, Dominion Rubber Co, Ltd Elmira, Ontario - CABLE Rubexpert, WY 





NEW HAMPSHIRE 


ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


NEW TECHNIQUES SOLVE SHIELDING 
AND IDENTIFICATION PROBLEMS 


For some time, now, the precision 
instrument bearing industry has been 
searching for the solutions to two 
problems: (1) how to develop a more 
effective shield; (2) how to provide 
visual identification for parts as small 
and precise as instrument bearings. 
Exhaustive research in both areas has 
finally borne fruit for New oe 
shire Ball Bearings, Inc. Both prob- 
lems have been solved. The solutions 
seem so simple that it’s surprising 
they weren’t discovered long ago. 


MORE EFFECTIVE SHIELD 

What a big difference a_ slight 
change from traditional design can 
make! By eliminating the recess in 
the inner ring, New Hampshire’s de- 
sign engineers have reduced by more 
than 70% the size of the dirt particles 
that can get into the bearings, 


The primary function of a shield 
is to keep dirt out of the bearing. A 
contact seal between the two rings 
wouldn’t do. It would increase torque 
and cause wear. The rings must be 
able to turn independently. So, the 
idea is to close the gap as nearly as 


[LAl EA 
Mls CTLs 


Fig. 1 


The conventional answer, (Fig. 1), 
inherited from large bearings, falls 
down badly. Because the recess has to 
be machined instead of accurately 
ground, the gap between shield and 
recessed surface is as high as .007”, 
while that between shield and shoulder 
is even higher. This means that dirt 
particles as large as .007” can get in. 
With large bearings this is not too 
serious a problem. But with some of 
the small bearings, such particles are 
4 as large as the ball. That creates 
a serious torque and wear problem. 


Defenders of the old design argue 
that the recess creates a “labyrinth” 
effect that discourages entry of large 
particles. New Hampshire designers 
maintain, however, that a smaller gap 
is the more effective answer. 


NEw 
HAMPSHIRE 


New Hampshire’s design, (Fig. 2), 
closes the gap to .002” or less than % 
that of the old design. This close toler- 
ance is made possible by fitting the 
shield to the precision ground O.D. of 
the inner rings. This simplified design 
has no corner where dirt and dust 
can collect to cause drag between 
shield and ring. It also provides a 
broader reference surface for the 
mounting. 


VISUAL IDENTIFICATION 

A new marking system, recently 
introduced by New Hampshire Ball 
Bearings, Inc. gives you three im- 
portant pieces of information at a 
glance. When you see the marks, you 
know that the instrument bearings 
are made by New Hampshire sas 
that you are getting ABEC 7 toler- 
ances or better at no extra cost... 
whether they’re made of stainless 
steel or chrome 
steel. 

Here’s the 
code. Sets of 
double lines 120 
apart indicate 
Stainless Steel, 
(Fig. os = 
180 apart, 
Chrome Steel, 
(Fig. 4). Such 
visual identifica- 
tion assures cor- 
rect deliveries 
by New Hamp- 
shire, correct 
application by eh 
oe Pig. * 

Notice that the marks are applied 
to one face of the outer ring where 
research proves there can be no detri- 
mental effect on performance, mount- 
ing characteristics or bearing life. 
Marks are applied by impact before 
grinding and heat treating. They 
cause no dimensional change, distor- 
tion or destructive effect on finish. 


HANDBOOK FREE TO ENGINEERS 
This authoritative, 80-page hand- 
book contains everything you need to 
know to help you incorporate minia- 
ture ball bearings in 
instruments and elec- 
tro-mechanical assem- 
blies. It will be sent 
free to qualified engi- 
neers, draftsmen and 
purchasing agents. 


BALL BEARINGS, INC, 


PETERBOROUGH, N. H. 
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tions such as chokes, transformers and 
saturable reactors, employ 50 AWG 
wire 0.001 in. diam. Subminiature 
toroidal transformers and _ inductors 
available in any base and pin configura- 
tion and with any encapsulation shapes 
or package required. Gulton Industries, 
Inc., 212 Durham Avenue, Metuchen, 
N. J. >532 


PANEL INDICATOR LIGHT 


Panel light, only 1%4-in. OD, has %-in. 
diam light cap and is available in red, 
white, green, blue and amber. Light 


life, over 100,000 hr at 5 volts. Single 
and two-terminal models of T-1 Color- 
Lites, with fixed or removable bulbs, 
available. Sloan Co., 4029 Burbank 
Blvd., Burbank, Calif. ->533 


MINIATURE FILTERS 


Hermetically sealed units are for band 
pass, high- and low-pass applications. 
BPM (band pass) Minifilters provide 
2:1 gain in vacuum-tube circuits with 
10-k ohm input. Tapped for 10 k-ohm 
output in transistor applications. Atten- 
uation approx 2 db within 3 per cent of 
center frequency, then 35 db per octave. 
HPM (high pass) and LPM (low pass) 
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a know my product 


<A : 


- ena ie tnt ‘ager SAK. ats, Oa, 

{ Al TT lal | } Yes, your customers are always 

7? right . . . when there’s no proof to 
the contrary. But when you can 
prove on the record that performance 
is up to guarantee, then there’s no 
further argument. And you can 
give them that record by building 
into your product a Veeder-Root 
Counter as a standard, integral 
part ... to count in any terms or 
units your customers could want. 
This is easy to do... and 
inexpensive, too. Let us figure it 
out for you. Write. 


You always “Know the score” when you count on Veeder-Root! 


NEW 
High Speed, Quick Reset 
REVOLUTION COUNTER 


This is one of scores of types of counters made by 
Veeder-Root for manual, mechanical and electrical 
counting. This counter runs at speeds up to 

6,000 rpm .. . resets to zero with one flick of the 
lever. Also available with predetermining feature. 


VWVeeder-Root ... 


Everyone can Count on Hartford 2, Connecticut 


Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York «* Los Angeles * San Francisco * Montreal 


® Offices and Agents in Principal Cities 
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“Over-Relayed’’ 
industrial Controls 


4 


FRAME 219 
RELAYS 


Stock types are DPDT 
on octal plugs; and 
DPDT plus two nor. 
mally-open on 12-pin 
octal plugs. AC or OC, 
operating coils. 
Dimensions are 
1%" wide x 2%" 
deep x 2%," high ex- 
clusive of octal plugs. 


STRUTHERS-DUNN, Inc. 


NEW, LOW COST ANSWER TO 


Smaller, requiring less operating power and 
reasonably priced, Struthers-Dunn 219 Frame 
Relays are a big aid to economizing complex 
industrial panels that are often “‘over-relayed” 
with larger, more costly contactor-type con- 
trol units than are actually needed. 

Accepted standards of insulation include 
spacings of 4%” through air; “4” over surface, 
and a minimum of 1500 volts AC dielectric 
test. Other features are long life (20 million 
operations ); plastic covers for good mechan- 
(ical protection and easy servicing with plug-in 
construction. Contacts have 10 ampere cur- 
rent carrying capacity. Plug and socket com- 
inations are the limiting factors on’ Tatings. 

Struthers-Dunn Bulletin 2219 giving full 
details is available on request. 


Pitman, N. J. 


Makers of the world’s largest selection of relay types 


Sales Engineering Offices in: Atianta +» Boston + Buffalo + Chicago + Cincinnati 
Cleveland + Dallas * Dayton + Detroit » Kansas City + Los Angeles * Montreal + New 
Orleans + New York » Pittsburgh + St. Louis « San Francisco + Seattle + Toronto 
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for 10-k ohms in and out have loss 
under 6 db at cutoff frequency. The 
largest case is 1 x 1 x 1%% in. United 
Transformer Corp., 150 Varick St., 
New York 13. >534 


STAND-OFF AND 
FEED-THROUGH TERMINALS 


Teflon terminals are installed in elec- 
tronic chassis by pressing into pre- 


punched or pre-drilled holes. No nut or 


| staking required. Variety of finishes, 
| colors, and soldering lugs supplied to 


order. Voltage ratings from 2380 to 
4250 volts, depending on terminal size. 


| Pin is silver-plated brass. Cannon Elec- 


tric Co., 3208 Humboldt St., Los 


| Angeles 31, Calif. >535 


REVERSIBLE SERIES MOTOR 


Lightweight universal motor is available 


| in models ranging from 6 to 48 volts 


d-c or a-c, at 45 hp intermittent, or Yes 


hp continuous duty. Model M-105 di- 
mensions are 1-34 diam x 3 in. long 
approx, plus 34- to l-in. shaft exten- 
sion. Carter Motor Co., 2708A W. 
George St., Chicago 18, Ill. >536 


TELEPHONE-TYPE RELAY 


Medium-size unit provides mounting 
facilities similar to the standard long 
telephone types, the terminals project- 
ing at the mounting end for through- 
panel connections. The d-c Model TO 
has hinge-pin armature construction 
and staked-in polepiece. Operating 
voltages to 220 volts d-c; contacts, 3 
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That’s right—knitted “electronic gaskets,” 
made by Metal Textile Corporation of 
Roselle, N. J., form an important link in 
the radio-interference shielding that keeps 
guidance signals from being dissipated. 
The .0035’’ Monel* wire knitted into 
Metex shielding must be uniform in diam- 
eter and tensile strength for fast-moving 
knitting machinery. Metal Textile Corp. 
uses Riverside-Alloy Monel wire, distrib- 
uted by Whitehead Metal, because it 
keeps its fine tolerances and assures break- 

free production at highest speeds. 
You can get fast off-the-shelf delivery 


Inco distributor. Shipments 


go out the very day your order comes in. 
Think of Riverside-Alloy when ordering 
nickel-clad copper, Inconel*, and other 
special-alloy wires. For FREE HAND- 
BOOK, write Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


Riverside pier Monel Wire is knitted and then 
’ 


formed into these resilient, conductive, flexible 
‘electronic gaskets'’ by Metal Textile Corp. for 
RF shielding of delicate missile and aircraft 
components. 


“Trademarks of International Nickel Co. 


of Inco and stainless wire from 
-_ 
fy , 


Riverside-Alloy and your local 
_— 


H.K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories— REFRACTORIES DIVISION: Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVISION; 

Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, “Disston’’ Tools, 
“Federal Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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Successor to the Acme 
screw drive and preferred 
in many applications to 
bale lal Me elle tit 
systems. Guaranteed 90% 
efficient in converting ro- 
Tele Me RAE MM tea old 
(or vice versa). Employs a 
Sie tM Lae le Tattle Telit 
Teme lel il Mele MMe 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
Te os Mela cet Ls 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
TelMe leet es 


ANY DIAMETER OR TRAVEL 
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NO BACKLASH 
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Seaver 
Drecision 
£ Droducts 


i INC. 
a CLAWSON, MICH. 


EXTREME ACCURATE POSITIONING 
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amp with 5 amp available. Ohmite 
Manufacturing Co., 3665 Howard St., 
Skokie, Il. >537 


MULTI-DOOR PANEL 
ENCLOSURES 


Control panel enclosures, made to 
NEMA Type 12 and JIC electrical 


standards, have three. four and _ five 


doors. They are 86 in. high, 14 in. deep, 
and up to 187 in. in length. Enclosures 
are oil- and dust-tight. Doors have neo- 
prene gaskets and all seams welded. 
Removable panel behind each set of 
doors for mounting electrical controls. 
Mechanical door interlock furnished: no 
other doors can be opened until dis- 
connect switch is off and “master” door 
opened. Enclosures and panels are 10- 
gage steel. Hoffman Engineering Corp.. 
958 Tyler St., Anoka, Minn. >538 


WATERTIGHT CONNECTOR 


Connector uses resilient silicone-lamin- 
ate insulation compressed between two 


floating, rigid, plastics disks to prevent 
water, gas, moisture or dust from pass- 
ing either way. Type ZZM connector 
has aluminum shell. Pyle National Co., 
1334 No. Kostner Avenue, Chicago 51, 
Hl. +539 


SYNTHETIC-FIBER FELT 


Multidirectional web of fibers, Troy- 
felt, may be used as a filtering medium, 
gasket material, hydraulic and pneu- 
matic seal, sound insulation and for 
vibration suppression. Flexible felt 
may be sewn and die cut without leav- 





TOW) 
APPLICATION / 


Bial-mT- lait 
YeYoh ata tel Bide hoe etl. 
Extensively in the Ships 
You Ride Offer Better 
Control in Machine 
Tools Too! 


This Bridgeport milling machine 
with DIGIMATIC tape control 
system by Electronic Control 
Systems, Inc., employs Beaver 
Ball Screws for activating the 
fel} (MMM rill ee Cte h ie) 
NYT eM alt Ma aC) ode 
their accurate positioning, 
speed, control, high efficiency 
Temi ait] Mette mee ele L so 
lash. We have worked with 
TUNA Mel ML eee 
automating their equipment. 
May we help you, too? 


i 
Yeaver 
Qrecision 
{ 5roducts 
7 INC. 


a CLAWSON, MICH. 
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TO THE ENGINEER 


& 


. 
V 


who can use a little honest trickery 
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There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


pawl that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You’ll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications. 


Want more information? Just write the 
Director; Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 32-page booklet on 
Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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A technician probes radiated interference from an aircraft hoist in the Los 
Angeles laboratory of Sprague's Interference Control Field Service Dept. 


Improved Service For 
Radio Interference Control 


Fast-growing Department of Sprague Electric Company 
Greatly Expands its Measurement, Control, and Consulting 
Engineering Facilities to Provide Fast Service. 


Contractors responsible for 
the design and manufacture of 
electric/electronic equipment 
and weapon systems which must 
conform to military interference 
requirements will get a major 
assist from Sprague Electric’s 
expanded industry service in the 
field of r-f interference and 
susceptibility. 

The service includes: inter- 
ference and susceptibility meas- 
urements up to frequencies of 
10,000 mc; complete analysis of 
all test results; and comprehen- 
sive recommendations of appro- 

riate control techniques to 
ee about a suppression system 
having the lowest weight, the 
lowest cost, and the greatest re- 
liability. 

Sprague’s consulting service 
applied at the design stage al- 
ready has proven to be the best 
approach to interference and 
ee control. Experi- 
enced Sprague engineers invari- 
ably save valuable time in the 
preparation of test plans and 
their subsequent approval. 
Sprague engineers prefer to 
work from the design concep- 
tion, analyzing original schema- 
tics and equipment drawings. 
This permits them to recommend 
optimum shielding, isolation, 


and decoupling techniques be- 
fore cases and layouts are final- 
ized. Space allowances for 
suppression components can be 
made with proper attention to 
economy of weight and cost. 

Once the equipment reaches 
the prototype stage, Sprague 
specialists will conduct tests 
either in the manufacturer’s own 
plant or in one of Sprague’s in- 
terference laboratories. Sprague 
will also direct compatibility 
tests on end equipment or com- 
plete weapons systems, and rec- 
ommend solutions to any inte- 
gration problems which might 
develop. 

Sprague Interference Control 
Laboratories are located on the 
Pacific Coast, in the Mid-West, 
and on the East Coast. These 
laboratories are staffed by top 
interference and susceptibility 
control specialists, and are 
equipped with the most advanced 
instrumentation and model shop 
facilities. 

For further information, write 
to Interference Control Field 
Service Manager, Sprague Elec- 
tric Co. at 12870 Panama Street, 
Los Angeles 66, California; 
224 Leo Street, Dayton 4, Ohio, 
or 307 Marshall Street, North 
Adams, Massachusetts. 
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ing ragged edges. Supplied in various 
densities, permeabilities, widths, and 
thicknesses. Felt strength, to 1500 psi; 
usable and dimensionally stable at 400 
F; material, Dacron or Orlon or other 
synthetic fibers as required. Troy 
Blanket Mills, 200 Madison Ave., New 
York 16, N. Y. >540 


ARMATURE COIL-BINDING 
CLAMP 


Clamp is installed over 1-in. protective 
strip of impregnated cloth on motor 


 Z 


armature, locked with bend-over break- 
off stroke, soldered, varnish-coated and 
baked. For armatures up to 7-4 in. 
diam. Punch-Lok Co., 321 No. Justine 
St., Chicago 7. > 541 


MAGNETIC MOTOR SHIELD 


Shield for use with shaded-pole motors 
in many servo and other instrumenta- 
tion applications reduces radiated field 
to under 5 gauss, thus permitting 


sensitive magnetic components to be 
positioned in proximity. Motor charac- 
teristics not significantly affected by 
Netic-Co-Netic shield’s nearness. Shield 
is non-shock sensitive and non-retentive. 
Venting orifices can be included. Mag- 
netic Shield Div., Perfection Mica Co.. 
1322 No. Elston Ave., Chicago. 542 


SIX-INCH PANEL METER 


D-C linearity within 1 per cent of full 
scale is standard in Model 661 meters 
with scale are of 5-14 in. Sensitivities 
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eS widely useful mercury switches 
now in automatic production 


AS419A1—Length: 0.90”. Combines smallest available size 
with long life and reliability. Weight: 0.9 gram (without leads). 
Tube diameter: 0.174 nominal. SPST. 


AS603A1—Length: 1.060”. Ultra small, super-sensitive, 
sealed. The most precise mercury switch available. Weight: 
3.5 grams (including leads). SPDT. 


3 AS417B2—Length: 1.500”. Offers small size with 3 amps. 
capacity at 115 vac or vdc. 


AS408C1—Length: 1.375”. Nominal rating of .25 amp. at 
1.5 vac or vde, also operates in micro-volt and milli-ampere 
ranges. 


AS408D1—Length: 1.375". An economical switch widely 
used in appliances and vending machines. SPST. Rating: 
1 amp., 115 vac or vdce, resistive. 


AS702B1—Length: 1.625". Mercury pulse switch has curved 
glass tube. Used in business machines, counters, timers, 
etc. SPST. 


7MP1-2—Length: 1.875”. Embedded in synthetic rubber 
and enclosed inanyloncan. Resists shock, corrosive fumes, 
and fungus. Unaffected by oil and water. Operates in tem- 
peratures from —35° to +200°F. 3 amps., 115 vac or vde, 
resistive. SPST. 


AS454A34—Length: 2.500”. Medium size. Handles loads 
up to 10 amps., 115 vac, resistive. Sealed contacts. Low 
force tilt action. Wide use—machines, tools, appliances, etc. 


Each of these Honeywell Mercury Switches is excep- 
tional in terms of its own qualities and characteristics. 
Just as important, all are in fully automatic production 
at MICRO SWITCH in Freeport. 


This means that one of a kind is precisely like another 
of its kind—same weight, same mass, same external 
dimensions within a thousandth of an inch. This means 
—as you know—uniformity of performance and uni- 
formity of fit that make life easier for designer and 
production man. And the savings from automatic pro- 
duction permit minimum price for highest quality. 


Hundreds of Honeywell mercury switches are offered 
by MICRO SWITCH. Personalized application engineer- 
ing service is available from branch offices in principal 
cities. Put this combination of quality, broad line, and 
service to work for you. Send for Catalog 90. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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of line begin with 0 to 5 pamp or 0 to 
5 mv. Minimum practical response time, 
approx. 100 millisec. A-C and d-c 
models available. Assembly Products, 
Inc., Chesterland, Ohio. >543 


+ 


This 1s a production 
fest record 
f 4 New 


+ 
+ 


TITI0101 
+11 

St 

+4 $e see = 


CURRENT-SENSITIVE SWITCH 


Single-shot explosive switch, designed 
for circuitry testing purposes, for by- 


U ] tr im rmi.©€ }** passing squibbs, as protective device 
TRIMMING | 
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against surge currents, and in current- 
operated triggering devices, is _her- 
metically sealed. Pyristor is available 
in NO and NC single-pole types. Firing 
current, 1 amp min. Closing time 1 mil- 
lisec to 5 sec, depending upon applied 
| current. Thermocal, Inc., 1627 Col- 

HH | orado St., Santa Monica, Calif. ~>544 
iN _ 


su Hi ¥ | DUAL DIELECTRIC 


CAPACITOR 


NE ‘ NT He | 
as eM oe HoH =| Dielectric of both polyester film and 
} HLT witefins. paper with solid impregnant is used in 
HEN wee tr Hy the “Black Beauty” line of 160P molded 
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capacitors for general commercial ap- 
plications. Also available in slotted- 
ttt] | base multi-purpose type 162P. Sprague 
+H | Electric Co., 307 Marshall St., North 
EH Adams, Mass. >545 


WA 
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sectenauler case styles ta vongee from 100 to oe ” eee pees " 6 Voltmeters linearly expand a selected, 
100K ohms. t { HE narrow a-c and d-c voltage range with 

HH ae eed tt | 0.3 accuracy with up to three separate 

DOA eee i ranges in single meter. A-C meters 
*REGISTERED TRADEMARK available with any centerscale value 
between 5 and 230 volts. Min voltage 
range across full meter scale is 5 per 





_ Se ene aca te —element welded cent to each side of centerscale; max is 


17 per cent. D-C scales available with 
Moisture sealed Unique overtravel clutch centerscale value between 5 and 300 
Zero end resistance —0.2 ohm max. Adjust with Allen wrench or screwdriver volts. Min voltage range 5 per cent of 
Closer tolerance—+5% standard, centerscale value; max range 20 per 
+1% special 


Encapsulated winding — +25 g vibration Higher resistance for same wire size 


rating Meets or exceeds all applicable 
Temperature range —65° to 150°C military specifications 


High resolution 


For complete information on the new 
Ulitrimmer and the complete line of 
Ultronix precision wirewound resistors, 
call your nearby Ultronix engineering 
representative or write Dept M-6 





Cutaway view of Uitrimmer 


111 EAST 20th AVENUE 
U L.TRONI X SAN MATEO, CALIFORNIA 
Phone Fireside 5-7921 
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IMPACT 


It is easier to picture impact than to 
describe the effects of it upon plastic 
laminates such as Synthane. For one 
thing, impact is measured in several 
ways. In the standard A.S.T.M. (Izod) 
test notched samples 4” x 4” x 21%” 
are struck by a pendulum. This test is 
an accepted standard yet it seldom 
measures the impact behavior upon 
plasticlaminates. Reason: certain grades 
of laminates are ‘“‘notch sensitive’’, a 
condition which they may never meet 
in a practical application. 

Nor does the Izod test indicate the 
ability of Synthane to resist repeated 
blows. Figure 1 shows how many times 
blows of a pre-determined intensity can 
be absorbed before the material breaks 
down. 


Temperature Affects Impact Strength 
Even repetitive impact is not the whole 
of the story. Temperature has an in- 











25 Cm Drop 
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° 








10 100 1,000 10,000 100,000 


Number of Blows to Failure 


FIG. 1 Intensity of impact vs. cycles 
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VS. PLASTIC LAMINATES 


teresting effect upon impact strength 
(Izod). The curves in Figure 2 show 
that at extremely low temperatures 
glass-base grades of Synthane actually 
improve in impact strength, while other 
grades improve as they are warmed. 
The impact strength of Glass Epoxy 
Grade G-10 improves sharply at tem- 
peratures above 75° F. 


Impact Rarely Travels Alone 


Like so many other properties of lami- 
nates, impact strength can rarely be 
regarded alone; it must be related to 
other properties required for the appli- 
cation. A sheet of Synthane has less 
impact strength than an equal thick- 
ness of steel. But steel is over seven 
times heavier and is a conductor, not 
an insulator. It is the combination of 
other properties desired, including im- 
pact strength, that is decisive. 
Typical applications for Synthane’s 
combined properties under impact con- 
ditions are (a) Grade LE Synthane ‘in 
the shock struts of Airplane Landing 
Gear (light weight, low coefficient of 
friction, compressive strength, wear and 
shock resistance); (b) Welding Tong 
Insulation, made from G-5 Synthane 


trod impact Strength [Edgewue 


FIG. 2 
Effect of temperature on impact strength 
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It's more than 
“How Much” 
and “How Often’ 


(high resistance to impact, excellent 
resistance to heat, and good dielectric 
strength); (c) Ignition Breaker Arms 
of Grade C molded-laminated Synthane 
(impact resistant, wear resistant, di- 
electrically strong). 

If you have any question about the 
selection of the proper grade of Syn- 
thane for your impact application refer 
it to us directly or to a Synthane repre- 
sentative. Make sure you obtain the 
most of what you want for the money. 
For information write Synthane Corp., 
47 River Road, Oaks, Pa. 


Synthane laboratory machine for measur- 
ing impact fatigue. 


SYNTHANE 


CORPORATION, Ss OAKS, PENNA. 
Laminated Plastics for Industry 


Fabricated Parts 
Molded-macerated 


Sheets, Rods, Tubes, 
Molded-laminated, 
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cent to each side. Helipot Div., Beck- 


man Instruments, Inc., 2500 Fullerton 
Molon ~~ Rd., Fullerton, Calif. >546 


fractional horsepower PUSHBUTTON ACTUATOR 


Actuators for use with variety of basic 


M f, switches include 4% and 1 in. button 


Skeleton Types - wear types 


sizes in red, green or black plastic. 
Buttons operate in anodized aluminum 
bushings. Actuators Type 12MA fit all 
We specialize in custom pin-plunger 1TB and 41TB Micro 
manufacturing all kinds Switches. For panels from 0.060 to 


of fhp motors. Whether 0.312 in. thick. Micro Switch, Div. of 


you need skeleton types Honeywell, Freeport, Ill. >547 


or gearmotors, standard 


or special, Molon can SNAP-TOGETHER 
supply them fast and at TERMINAL BLOCKS 


A low cost. Send for free Semi-elastic Zytel Series G Alpha 
descriptive circulars. Blocks come in 10 colors and snap to- 
0, lon Motor and Coil Corp. 


2432 WEST GEORGE STREET CHICAGO 18, ILLINOIS 
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gether to form rigid rows after being 
fastened down. Insulating barriers in- 
tegral in each block. Rating is 20 amp 
at 110 volts. Contact screws are nickel- 
plated No. 4-40. Require no tools for 
assembly or disassembly. Alpha Elec- 
tric Products Co., 3625 No. Halstead 
St., Chicago 13. > 548 


ELECTRONIC TACHOMETER 
Tachometer houses two complete indica- 
tors with overspeed sensing and _ pro- 
: tective circuits in a single package. 
NOW —- 48-56 Gauge Wire Coils Unit illustrated measures speed of 
built to YOUR specifications rotating shaft, gear or rotor from 0 to 


Whatever your application—from hearing aids to missile sys- 
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need ... built to your specifications for precision and 
accuracy. 

Delnxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components. 

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away. 


DELUXE COILS, INC. 
POST OFFICE BOX 318 oF WABASH, @yDIANA 
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Standard microsize UNBRAKO socket cap and set screws, #0 through 
#3, are supplied by your authorized industrial distributor in heat-treated 
alloy or stainless steel. Available with Nylok* self-locking feature. 


Microsize 
UNBRAKO Socket Screws 
Simplify Fastening 
of Small Assemblies 


Microsize UNBRAKO socket cap and set screws save both time and 
money in the design and assembly of your small devices. Precision 
manufactured, available locally, they eliminate the cost and delay 
of designing or procuring special screws to fasten tiny components. 
Use them in computers, servomechanisms, instruments, miniatur- 
ized electrical and electronic equipment—countless small, intricate 
devices where reduction in weight and bulk is required without sac- 
rificing strength or reliability. 


These miniature socket screws have all the advantages of larger 
UNBRAKOs. Deep, accurate sockets for non-slip, high-torque wrench- 
ing. Radii in socket corners to eliminate sharp angles where cracks 
start. Fully formed threads for greater strength and precision fit. 
Controlled fillets under cap screw heads to prevent shearing. Careful 
heat treat for maximum tensile values without brittleness or decarbu- 
rization. Because of these features, microsize UNBRAKO socket cap 
screws are as much as 80°, stronger than ordinary miniature cap 
screws, and microsize UNBRAKO socket set screws can be torqued 
tighter than ordinary miniature set screws. This extra strength means 
greater reliability in the fastening of your small assemblies. 


For more information, see your authorized SPS distributor. He car- 
ries microsize UNBRAKOs in both alloy steel and stainless in sizes 
#0, #1, #2 and #3. Or write us for Bulletin 2374 and samples. 
Unbrako Socket Screw Division, STANDARD PRESSED STEEL Co., 
Jenkintown 9, Pa. 

*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


We also manufacture precision titanium fasteners / 
/ write for free booklet 


Jenkintown ¢ Pennsylvania 


Standard Pressed Steel Co. © The Cleveland Carp Screw Co. @ 

C ent ( e Nat Machine Products Co. 

@ WNutt-Shel Co. e SPS Western e Stand C } . 
nbrako Socket Scr 


mbio Stee! Ea a 
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HEAT-TREATED ALLOY STEEL 
_ Microsize UNBRAKO Socket Set Screws 
Class 3A Threads—Piain Cup Point 


HIGH RELIABILITY 


SPS research is continually developing fasteners 
with higher and higher standards of predictable 
performance. By installing SPS high-reliability 
fasteners in your assemblies, you increase your 
overall product reliability. 


For more information on the full meaning of reliability, 
write for a copy of the new SPS booklet "High Reliability.” 





Bunting makes the 
“almost impossible” 


bearings 
and 


The photograph shows a sintered bronze bearing used in an exceed- 
ingly popular home laundry drier. It offers several unusual features, 
some of which you may find useful in designs you are considering as 
sintered parts. In the first place because the splines on the O.D. of the 
bearing abut the back of the bearing flange, this is a part which would 
be almost impossible to produce by machining but can readily be 
produced by powder metallurgy. 


Second, the splines do not extend the full length of the bearing but 
the density of the splines must be the same as the remainder of the 
bearing. This requires intricate and unusual tooling and understand- 
ing of the problem which is one of the reasons why this manufacturer 
put his design in the hands of Bunting. 


For the unusual, as well as the usual, in bearings, bushings, bars and 
special parts of cast bronze, sintered metals or Alcoa aluminum, see 
Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


.. €th 0t WUL2 GOL YOU COpy of 


Bunting's “Engineering Handbook on Powder Metallurgy” 
and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 Branches in Principal Cities 


Bunting - 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM BARS 
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60,000 rpm with full-scale accuracy of 
+3 per cent. Uses magnetic pickup. 
For operation from 28-volt a-c source. 
Withstands range of —55 to +50 C. 
Length, 64% in.; OD, 3.23 in. Varo 
Mfg. Co., Inc., 2201 Walnut St., Gar- 
land, Tex. >549 


COMPOSITE PLASTICS SCREW 


Serrated metal core, with a threaded 
plastics body, carries the torque ap- 
plied by the driving means. Standard 


materials for insul-Screw are nylon and 
steel. Other materials available. Screw 
is self-insulating, eliminates vibration 
and corrosion problems, is self-locking 
and can be supplied in various colors. 
Austin Screw Products Co., 4873 W. 
Armitage Ave., Chicago. >550 


DATA-LOGGING AMPLIFIER 


Three-stage, molded magnetic amplifier 
delivers ==5 volts at linearity better 
than 0.1 per cent. Input and output 


completely isolated, floating and free of 
ground and power line. Voltage gains 
from 100 to 10,000 can be obtained 
with external resistance. Five watts of 
power drawn from 115-volt, 400-cps 
line. Airpax Electronics, Inc., Seminole 


Div., Fort Lauderdale, Fla. >551 


SPRING-LOADED 

SERVO GEARS 

Antibacklash gears for use in servo and 
instrument designs are -%6 in. long 
overall in clamp-on version. Internal 
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THREE KLEIN PLIERS 


to make electrical wiring easier 


Here are three newly engineered 
Klein Pliers which will solve diffi- 
cult problems in the wiring of elec- 
tronic assemblies. Catalog 101-A 
illustrates and describes these 
and twenty other new pliers in the 
Klein line. If you wire electronic 
assemblies, write for a copy. 


i a 


) S23 KLEIN 


ALL-PURPOSE ELECTRONIC PLIER 
Patent pending 

Shear blade cuts flush and holds 

clipped end of wire 


Requires no sharpening; will cut hard 
or soft wire. Smooth, continuous ac- 
tion prevents shock which mey damage 
resistors. For bare wire up to 18 gauge. 
No. 260-6—length 6%” 

No. 260-6C—with coil spring that 
holds jaws open 


are McCORMICK ROAD + CHICAGO 45 Te 
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NEEDLE-NOSE PLIER Patent pending 

Similar to No. 260-6 but nose has been slimmed down to 
permit use in confined areas. 

No. 261-6—length 6%” 

No. 261-6C—with coil spring to hold jaws open 


LONG-NOSE PLIER—KNIFE AT TIP Pot. No. 2,848,724 
Jaws behind blade hold clipped wire end firmly 

A shear-cutting plier that will cut hard or soft wire. Blade 
is at the tip of the plier. Supplied with a 
coil spring to keep jaws apart. a a 
No. 208-6PC—length 6%” ] 


& Sons 





BARBER 
a 


Across industry today, Barber-Colman 
ultra-sensitive d-c relays are solving 
control problems in a wide range of 
applications such as communications, 
nucleonics, instrumentation, process 
control, railway signal transmission, air- 
craft temperature control and remote 
positioning systems. 


Polarized Micropositioner 
Relays — The Barber-Colman 
Micropositioner is an ultra- 
sensitive polarized d-c relay 
capable of operating on input 
powers as low as 40 microwatts. 
Available in three types of 
adjustment: null-seeking . 
symmetrical magnetic-latching . . . or 
conventional form C snap-acting. Can 
be operated in excess of 100 cps. Selec- 
tion of enclosures and mountings. 


ee ee 


es 


Transistorized Polar Relays — The 
Barber-Colman transistorized relay is 
an adaptation of the Micropositioner 
that features a built-in transistor pre- 
amplifier, which greatly reduces the 
input required for contact operation. 
Choice of null-seeking . . . symmetrical 
magnetic-latching, or form C snap- 
acting contact operation. 


Resonant Relays — Characterized es- 
pecially by low operating power and 
narrow band width. Standard units can 
be tuned to any frequency between 115 
and 400 cps. Special units have been 
built to resonate as low as 1624 cps. 


THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp... . permanent magnet and split 
series types . . . various mountings and speeds... 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width 
Ulira-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 


A >? 


a 


400 cycle a-c motors tach generators 


as 


BARBER-COLMAN COMPANY 
Dept. R, 1803 Rock Street, Rockford, Illinois 


Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 
Aircraft Controls ° Air Distribution Products e Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifico- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 


i 
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spring is used and floating gear is 
prewound and restrained. Assembly is 
meshed by displacing floating portion 
14, tooth. Size range is 66 to 110 teeth; 
bores are 0.090, 0.120 and 0.125 in; 
standard pitch is 96. Tolerances in 
accord with AGMA Precision 1 or 
better. Meets MIL-E-5400. Precision 
Mechanisms Corp., 577 Newbridge Ave.. 
East Meadow, N. Y. +552 


MINIATURE RESISTORS 


Precision resistors sealed in borosilicate 
glass withstand shocks to 500 g. MIL- 


Series resistors are in values of Ye, %4 


and 1% watt. Pyrofilm Resistor Co., Inc., 
U. S. Highway No. 46, Parsippany, 
New Jersey. > 553 


MACHINE-TOOL 
LIMIT SWITCH 


Small heavy-duty limit switch has all 
major friction points made either of 


nylon or oil-impregnated _ bearings. 


» ay 


L 


Model M available in plug-in style for 
easy replacement or direct wiring. Con- 
tact gaps, %g in.; coin silver contact 
bars; trip differential, 6 deg. Two iso- 
lated circuits—one NO, one NC. Water-, 
oil- and dust-tight, NEMA 12 enclosure. 
Five lever styles available. R. B. 
Denison Mfg. Co., 102 St. Clair Ave., 
N. W., Cleveland 13, Ohio. >554 


SUBMINIATURE DIODES 


Selenium diodes for use in computers, 
electrical measuring instruments, radio 
and television and other equipment 
using transistors, are assembled in in- 
sulated draw-brass housing for heat 
dissipation and mechanical protection. 
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Life expectancy of *2-in. diam Mini- 
fiers is over 20,000 hr when operated 
within ratings. International Resistance 
Co., 401 No. Broad Street, Philadel- 
phia 8, Pa. >555 


ADJUSTABLE PAWL FASTENER 


Fastener automatically adjusts pawl 
position to accommodate variations in 
frame thickness up to 14 in. Continued 


rotation of knob increases applied pres- 
sure. No. 48 miniature fastener supplied 
in three types for frame thicknesses up 
to %4 in. Two knob styles available. 
Does not require rivets or bolts to in- 
stall. Southco Div., South Chester Corp., 
Lester, Pa. >556 


METER-TYPE RELAYS 


Panel meter relays have applications as 
over- and under-voltage indicators, in 
alarm systems, automatic sorting de- 
vices, automatic overload protection, 
low level switching, position sensing 
and correction, load correction devices 
and automatic gaging. Available for 
a-c or d-c voltage or current ranging 
upward from microamperes and micro- 
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a-c gmall motors 


quiet, se 
dependabie 


experience-proved ... millions placed in 
service by quality appliance makers 


Over the years, the extra reliability of ° Low cost 
Barber-Colman small motors has been 
proved by the millions of them used in 
leading appliances. Typical applications 
of these high-quality, yet low-cost motors 
include driving blowers and ice cube makers 
in refrigerators, speed changers in washer- 
dryers, and door operators of kitchen ex- 
haust fans. Others are found in ice cream 
freezers, evaporative coolers, water soften- 
ers, rotisseries, electric heaters, fans, hair- 
dryers and the like. Wide selection of 
unidirectional nongeared and open or 
enclosed unidirectional geared motors to 
fit your specific appliance requirements. 
Write for new a-c small motors catalog. 


BARBER-COLMAN COMPANY 
Dept. R, 1203 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments ° Aircraft Controls 
Electrical Components °* Air Distribution Products * | Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 


© High starting torque 
Quiet running 
Compact... rugged 


Long-life lubrication... 
large oil reservoirs 


Auxiliary oil cups available 


Porous bronze or ball 


bearings 
Precision-hobbed gears 
© Wide range of gear ratios 


Quality guaranteed 
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For triggering and switching... 
new 3-electrode>'giG-E Glow Lamp 


with /'|(3 terminals 


| adjustment, 


INTERRUPT OR REVERSE PULSE HERE 
TO EXTINGUISH 


140 TO 180 VOLTS Dp ———>4 


wa 
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G-E NE-77 in Basic Circuit 


The new G-E Glow Lamp NE-77 contains three electrodes instead of 
two, with connections being made by means of three wire terminals. It 
requires no heater current and has the same shape and bulb dimensions 
as the familiar NE-2. 

To start the lamp with 140 to 180 volts d.c. across the outer electrodes, 
a pulse of 140 volts must be applied to the center electrode trigger. With- 
out using the trigger, more than 200 volts would have to be applied 


across the power circuit before the lamp would accidentally break down. 


volts. Round-style Models 95 and 195 
are 3% and 2% in. diam. Simpson 
Electric Co., 5200 W. Kinzie St., Chi- 
cago 44, >557 


TRANSISTORIZED D-C 
POWER SUPPLIES 


Supply features silicon diffused-junc- 
tion rectifiers, coarse and fine voltage 


short-circuit protection, 
and voltage and current metering. In- 
put, 105 to 125 volts at 60 to 400 cps. 
Output ranges from 1.5 to 50 volts at 
2 to 3 amp, depending upon model. 
Load regulation is 25 mv typical. Rip- 
ple under 0.02 per cent. Valor Instru- 
ments, Inc., 13214 Crenshaw Blvd., 
Gardena, Calif. >558 


MINIATURE ELECTROLYTIC 


| CAPACITORS 


Applicable to low-voltage transistor 
power supplies and to airborne uses, 


THR series capacitor ratings are 75 uf, 


3 volts d-c to 100 ef, 25 volts d-c. Tem- 


perature range, —40 to +85 C. P. R. 
Mallory & Company, Inc., Indianapolis 
6, Ind. >559 


STATIC POWER INVERTER 


Solid-state static 250 va inverter con- 


| verts 26- to 30-volt d-c source to 115- 


As little as 80 microamperes in the trigger circuit will operate the lamp. 


Once started, the new NE-77 will continue to conduct until the circuit | 
is interrupted or a reverse pulse is introduced in the power circuit. For | 
further information, write for the free engineering data sheet #3-8161. | 


General Electric Co., Miniature Lamp Dept., Nela Park, Cleveland 12, O. | 


Progress l/s Our Most Important Produet 


GENERAL @ ELECTRIC 


| volt, 400-cps, 1-phase a-c source. In- 


verter has applications in the fields of 
(Continued on page 245) 
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tough tests for incoming material 


finest alloy resistance wire 


sane 
RESISTOR 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


specially selected ceramic core materials 


rigid, low resistance terminals 


our own VITROHM enamel, first coat... and final coat 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point— ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to'make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 
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And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) 90.4 
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WARD 
LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 
FR relo- TE ryincored Cortiols Since 1892 


FiO 'S HF 


‘ ‘ 
RESISTORS § RHEOSTATS | RELAYS {CONTROLS} DIMMERS 





THE WATIONAL SCENE 


| 


“Where can flame-retardance improve your product; 
make it safer... function better...or sell faster?”’ 


Choose from 11 National Materials—in sheets, tubes, rods, formed shapes, or precision-fabricated parts 


Computers, high-voltage switchgear, home appliances, 
television receivers, radios and radar aircraft and 
missile instrumentation in fact, with any product 
where fire is a potential, flame-retardant laminates pay-off 
in design features and product protection. 

The ‘'pay-off"’ comes in protection of lives and expen- 
sive equipment from fire, because these materials are self- 
extinguishing. As barriers, base plates, terminal boards, 
support members, printed circuits—National’s family of 
flame-retardant materials is solving problems of fire contain- 
ment and those involving both fire and electrical insulation. 

Surprisingly, /ow cost is a feature of several of these mate- 
rials. And since they mean more safety and product protec 
tion for the user, the ‘‘pay-off’’ also comes in the form of 
added product sales features. 

Write for complete property values on these eleven ma- 
terials, and let us know what your particular problem is. 
If you wish samples and price information, drop us a note 
on your letterhead. National Vulcanized Fibre Co., 


Dept. C-6, Wilmington 99, Delaware. 


Grade 


PYRONIL 
X-121 
X-122 

XX-326 
XXXP-475 
GP-9202 
GP-9204 
G-5-813 
G-7-832 
GH-871 
EP-491 
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Base 


Cellulose 
Paper 
Paper 
Paper 
Paper 

Glass Mat 
Glass Mat 
Glass Cloth 
Glass Cloth 
Glass Cloth 
Paper 


Extinguishing 
Resia Time (sec.) UL 


None <1 
Phenolic 2-4 
Phenolic 1 
Phenolic 114-2 
Phenolic 
Polyester 
Polyester 
Melamine 
Silicone 
Phenolic 

Epoxy 


1. Weldor’s Shield. 2. Box. 
3. Coil Forms. 4. Circuit Breaker 
Parts. 5. Coil Form Base. 
6. Film Splicer Housing. 7. High 
Voltage Bushings. 8. Bus Bar 
Insulator. 9. Printed Circuit. 
10. Portable TV Shields 
11. Switch Shields. 12. Switch 
Plates. 13. Standoff Insulator. 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
‘many special grades. 

PuHeNnouite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 

Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


Baltimore . Ps VAlley 3-0393 
Boston... .. TWinbrook 4-3500 
Chicago. AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland ERieview 1-0240 
Dallas ...DAvis 4-4386 
Main 3-2077 
UNiversity 3-3632 
7 .. 8-1308 
WAlnut 3-6381 
RAymond 3-0291 
BRoadway 6-6995 
LOcust 2-3594 
..MItchell 2-6090 
.COrtlandt 7-3895 
SHerwood 8-0760 
. FAirfax 1-3939 
Rochester . Hillside 5-0900 
St. Louis weeeeees..PArkview 5-9577 
St. Petersburg ‘ 5-5505 
San Francisco . ..... DAvenport 6-4667 
Seattle MElrose 2-7298 
Wilmington OLympia 5-6371 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 


Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


a‘ WATIONAL 
/ 


Griffin, Ga 
Indianapolis 
Los Angeles 
Milwaukee. 
New Haven 
Newark . 


Philadelphia 
Pittsburgh 


VULCANIZED FIBRE CO. 
WILMINGTON 99, DELAWARE 


in Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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automation, telemetry, atomic energy 
programming, and in jet aircraft igni- 
tion systems. Life expectancy, 20,000 
hr., continuous operation. 

Also available is 80 va unit for 18-30 
volt d-c input. Magnetic Amplifiers, 
Inc., 632 Tinton Ave., New York 55, 
NM. os >560 


WORM-GEAR 
SPEED REDUCERS 


Heavy-duty worm-gear speed reducers 
with belical gear attachments are avail- 


able in ratios from 5:1 to 1212:1 with 
center distances from 3 to 21 in. and 
any horizontal or vertical drive arrange- 
ment. Torque overload control device 
to break motor-control circuit may be 
supplied. Philadelphia Gear Corp., 
3620 G St., Philadelphia, Pa. >561 


TRANSISTOR SERVO- 
AMPLIFIER 

Transistor magnetic amplifier is self- 
contained and drives a 3.5-watt Mark 
XIV. or equivalent. motor from low- 


level a-c signals. Requires 115-volt, 
100 cps input. Model 403-A input im- 
pedance 30 k ohms with gain of 2000. 
Model 403-B input impedance 500 k 
ohms with gain of 900. Avion Div., ACF 
Industries, Inc., 1] Park PI., Paramus, 
ie: > 562 


A-C ELECTRIC COUNTERS 

Use of a-c for both operating and reset 

coils is a feature of Model YE counters. 
(Continued on page 246) 





STRAITS 


TIN 
REPORT 


New developments in 
the production, mar- 
keting and uses of tin 
BUREAU 


Zircalloy 2 — containing 1.5% or 
more tin — was the cladding material 
used for the nuclear power unit which 
carried the submarine Nautilus across 
the North Pole. Zirconium alone 
couldn't do it. Addition of smail 
quantities of tin strengthened the zir- 
conium and reduced the variable effect 
of impurities. It also had a favorable 
effect on its corrosion resistance. This 
discovery led to development of Zir- 
calloys containing 0.5 to 5% tin. 


Factory tresh hosiery is now 
available to American consumers in 
tin cans. The manufacturers claim 
canning nylons reduces pilferage and 
handling costs, lets the lady select 
her nylons factory fresh from her 
grocer’s shelf. 


Foreign car manufacturers 
are Capitalizing on latest developments 
in tin applications. Directional sig- 
nals, subject to continuous wear and 
hard weather conditions, are electro- 
plated with a tin-zinc coating. A tin- 
nickel electrodeposit shows good po- 
tential as a bright tarnish-resistant 
coating for automotive trim, bumpers 
and accessories. A tin-bronze coating 
of up to 12% tin and a tin-nickel 
coating of two-thirds tin are proving 


excellent undercoatings for chromium. 


Write today for more 
data on these items or 
for a tree subscription to 
TIN NEWS—a monthly 
bulletin on tin supply 
prices and new uses 


pete ed 


The Malayan Tin Bureau 
Dept. 141, 1028 Connecticut Ave., Washington 6, D.C 
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THESE SILICONE 
RUBBER SHAPES 


Suitable for use with electric computers, 

PRODUCED BY card and check sorters, coin counters, 
electronic scalers and mailing equip- 

in AN mavs4N me cy uF 4 ment, photo-electric and remote-control 
4 counting instruments and _ production 
machinery. Electric or pushbutton re- 
set; for counts to 1500 per min; four 
models available. Durant Manufactur- 
ing Co., 1962 No. Buffum St., Milwaukee 
1, Wis. >563 


CO-ORDINATE TERMINAL 


RELAY 
Silicone gasketing for high . -— ° ‘ 
iapeatele ins tae Microminiature relays, with terminals 


on 0.2 x 0.2 in. Co-ordinates, permit 
mounting on printed-circuit boards by 


Chemical resistant tool for 


. 
. 
. 
. 
. 
. 
. 
. 
. 
scraping bottom of the barrel. : 


zu ( ) 
eteenrices th bee e - 
Tip for pogo stick used by a 
faint-hearted fakir. 


A chemical and temperature 
resistant bellows used in jet 


aircraft. 
=— 


Special Silicone winding for 
an electric motor. 


: 
Te 


automatic assembly techniques, are 
available in dual-coil magnetic latching 
and single-coil action. Operate under 
100 g shock. Single-coil action SCG 
relays pull in at 260 mw at 25 C; dual- 
coil SLG at 230 mw. DPDT contacts 
- rated 2 amp, 28 volts d-c resistive. 
ey a Potter & Brumfield, Incorporated, 
Princeton, Ind. >564 


Last word in wrapping for a 
red-hot mummy. 


G) YY 
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Disguise for o half-masked re- 
frigerator-raider. 


Silicone gasket produced for 


the automotive industry. GENERAL-PURPOSE RELAY 


Two-pole relay has silver contacts 
riveted to a molded panel. Rating: 2 
amp resistive at 26.5 volts d-c or 115 
volts a-c. As a SPST relay the Type FC 
can operate as low as 200 milliwatts. 
ibicciianiiein ene, Asa DPST relay it can operate up to 
sion used for oven gasket. 2 watts. Coils are available for opera- 
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All-weather decoy for duck 
hunters. 

8301-SR 
Guessing games can be fun ... but not with rubber 
parts! Silicone rubber parts by Stalwart assure 
you high strength, maximum stability and superior NEW! Send today 
dielectric qualities at temperatures ranging from for your copy of 
— 160° to +-600° F. And Stalwart is the only pro- the Stalwart catalog. 
ducer of extruded and calendered Silicone sponge 
parts. Stalwart also accurately produces parts 
from a complete range of natural and synthetic 
rubber compounds to meet individual operat- 
ing requirements. Write for complete information. 


197 Northfield Road 
Bedford, Ohio 


Manufacturing facilities in 


RUBBER COMPANY Jasper, Georgia and Bedford, Ohio 
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Here Service Counts... 


ervice ij And when 


for 


have'a motor-drive problem 
MOOI erepeLa or equipment,. service 
counts! Emerson-Electric has powe 
drive pecialyst more than 100 
engineers!) instantly available to giv 
you on-the-spot service from design 


through application runs 


Remember 


@ Emerson-Electric produces custon 
engineered motors to suit your 
ae ema ks 

® Emerson-Electric has more than 65 
years’ experience in meeting motor 


drive requirements like yours 


For service that 
counts, call, wire 
or write Dept. 
M-371 today. 
The Emerson 
Tie EVMERSON-ELECTRIC 


Co., St. Loui 
21, Mo. a of St.Lou/s + Since 1890 
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New Taylor FiREBAN 321 Laminated Plastic 
is self-extinguishing in only 3 seconds 


Electrical faults in appliances, TV sets, radios, motors and other 
electrical devices frequently lead to fires--and these fires lead to 
complete destruction of the equipment, sometimes extensive dam- 
age to the facilities surrounding it. Taylor FIREBAN 321 is designed 
to retard fire. Self-extinguishing in only 3 seconds—~it is an effective 
barrier against the spread of flame. In addition, this flame-retardant 
laminated plastic has excellent moisture resistance, excellent elec- 
trical resistance after exposure to high humidity, and good mechan- 
ical properties; also offers tow dielectric losses. These properties 
help prevent the electrical faults that lead to fires. Write TAYLOR 
FIBRE CO., Norristown 37, Pa., for complete details. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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tion up to 115 volts d-c. Allied Control 
Co., Inc., 2 East End Ave., New York 
2. Me. >565 


SEQUENCING TIMER 


Timer energizes series of power supplies 
in succession to develop voltage in 


predeiermined order. Except for first, 
each supply is turned on approx 7 sec 
after preceding one. The HYS89 has 
26 load switches which close in pairs. 
Motor cutoff switch stops motor after 
90 sec. Reset time, 5-10 sec. Requires 
115 volts, 400 cycles for motor and 20 
volts d-c for clutch. Hermetically sealed. 
Eagle Signal Corp., Moline, Ill. ->566 


HERMETICALLY SEALED 
RELAY 

Ten-amp, 4PDT relay meets require- 
ments of MIL-R-6106-B, Class B. Rated 


duty, continuous; nominal Series 3205 


coil voltage, 24 to 28 volts; coil resist- 
ance, 200 ohms. Contact rating for a-c 
or d-c resistive NO or NC, 10 amp; 
contact rating, inductive d-c, 6 amp. 
Deutsch DM 5600 series of miniature 
receptacles employed for hermetic seal- 
ing. Guardian Electric Mfg. Co., 1621 
W. Walnut St., Chicago. >567 


SIZE 8 SERVO MOTOR 


Motor produces 1 in.-oz of torque at 0 
rpm and operates to 200 C ambient; 
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KEARFOTT PRECISION RESOLVERS 
FOR EVERY SYSTEM APPLICATION 


Kearfott has available a complete line of pre- 
cision resolvers for every system application. 
Computing resolvers range in functional accu- 
racy from 0.1% to .005%, in bridge accuracy 
from 5 minutes to 20 seconds of are and in 
size from 11 to 25. Non-compensated resolvers 


range from 5 minutes to 20 seconds of arc in 


accuracy, from 8 to 25 in size. 

All Kearfott resolvers feature stainless housing, 
shafts and bearings and corrosion-resistant 
lamination materials for maximum environ- 
mental resistance. Optional designs available 
for operation at 200°C and in environment of 
2000 cps vibration at 30 g’s. 


Computing 
Resolvers 


For applications where size and 
good functional accuracy are of 
poremount importance. Functional 
accuracy as good as 0.1% and 
bridge errors of 3 minutes of arc 
ore in production. 


Available with integral compensating windings. Can be provided 
with trimming networks to match existing isolation 
amplifiers or Kearfott-designed transistorized amplifiers. 


A 2:1 improvement in functional 
accuracy obtained in this configu- 
ration. Unit tabulated is the di- 
rect equivalent of standard Navy 
BuOrd Mark 4 Mod 3 and con- 
tains necessary trimming network 


for standard buffer amplifiers. 
Transformation ratio is 

.0001, phase shift 0° + 1 minute. 
Functional accuracy of 05% and 
bridge error of 3 minutes of arc 
are standard. 


Size 25 


For applications demanding the 
highest order of accuracy. Close 
attention has been paid to design 
porameters. 


A special resolver which permits 
@ unique cascading of these units 
without the necessity for buffer 
amplifiers. Typical application is 


illustrated in following cascade: RESOLVER 
1 


R=RESOLVER 


— 


BALANCED 
LOAD 


RESOLVER 


“nr 


— 


C=INTEGRAL COMPENSATOR 


COMPENSATED RESOLVERS FOR PRECISE COMPUTER APPLICATIONS 


eubhilion Volts (Test) 
Frequency—(cps) 
Primary Impedance 
Secondary Impedance 
Transformation Ratio 
(Primary to Secondary) 
Transformation Ratio 
(Compensator to Rotor) 
Phase Shift (Lead) 
Fundamental Null (MV) 
Bridge Error From E.Z. (Max.) 
Prima’ 


*Also available 3 mins. fr 


2.1° 
15 
0,7 mins, 
Stator 


Non-Compensated 


Basically for application in precise data transmission 


systems. These synchro resolvers permit system designer 

to achieve system errors of better than 1 minute of arc 
without using 2-speed servos and elaborate electronics. 

By proper impedance matches up to 64 resolver control 
transformers can also operate from one resolver transmitter. 


Resolvers 


Where size is important. These units 
have a maximum unit error of 3 
minutes of arc. 


Size 25 


Where highest accuracy Is required. 
These units have a maximum error 
as low as 20 seconds of arc. 


NON-COMPENSATED RESOLVERS FOR PRECISE DATA TRANSMISSION 


Type Resolver 
Part Number 


Excitation Voits (Max.) 


Frequency (cps) 


SIZE 11 


Transmitter 
R982-004 
26 
400 


Differential 
R982-002 


Transformer 


Control 

Transmitter | Diffe 

Z5161-001 
115 


400 


R982-012 


Z5191-001 
400 


Control 
Transformer 
2Z5151-003 
90 
400 


rential 


90 


Primary Impedance 
Secondary Impedance 
Transformation Ratio 
Max. Error from €.Z. 
Prima 


170/77° 


800 /80° 
900 /80° 
1.000 
20 seconds 
Stator 


8500 /82° 
14000/82° 
1.278 
20 seconds 
Stator 


400 /82° 
260/82° 
-7826 
20 seconds 
Rotor 


Write for complete data, 
KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Avenue, Lo Grange, Iilinois 
South Central Office: 6211 Denton Drive, Dallas, Texas 


GENERAL 
PRECISION 
COMPANY 


West Coast Office; 253 N. Vinedo Avenue, Pasadena, California 
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OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


vwtOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes. 


JIC 
NEMA 12 
PANEL ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 

) welded construction. No 

holes or open seams. 

Alsoavailable in NEMA 

types 1, 3, 4 and 5. 


Jic 
WIRING 
BOX 


Heavy gauge 

steel, welded 

seams. No knockouts or holes to 

leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4"x 4"x3” to 16”x 14”x 6". 


PUSHBUTTON 
ENCLOSURES 


A complete selection 

of types and sizes. 

Fine quality con- 

struction and finish 

Welded seams. Cover 

has neoprene gasket 

Holes take any 

standard oil-tight 

pushbutton. Types. ' 

range from “‘Stand- 

ard” as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


a 
Perfect protection tor 
control wiring. Neoprene gasket 
on cover and between joints seals 
out liquids and dust. Easy to assemble 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 2\44*x 244”, 
4”x 4° and 6"x 6” in lengths up to 10’ 
with Elbows, ‘*T’’s, etc. 


We also build enclosures to customer specifications 


CORPORATION 
Dept. EM-123 
250 Circle 252 on page 17 


Anoka « Minn. 


may be fitted with various output shaft 
configurations or gear reductions. Model 
8M100 input power range is 6 to 115 
volts a-c. Conforms to Navy Bureau of 
Ordnance standards. Servo Dynamics 
Corp., Somersworth, N. H. > 568 


THERMOCOUPLE 
CONDUCTOR CABLE 


Polyvinyl insulated multi-conductor ca- 
ble, for 6 to 56 pairs of thermocouple 


conductors, can be installed in conduit, 
without conduit, in open troughs or in 
Aluminum-backed tape pro- 
electrostatic shielding for the 
Made from 20 or 16 solid 
17-gage stranded. Thermo 
Electric Company, Inc., Saddle Brook, 
M2» > 569 


raceways. 
vides 
Thermo-Cable. 
wire, or 


ROTARY SWITCH 


Selection of eight combinations of one, 
two or three SPST switch positions is 
offered in Series 777 rotary switch. De- 
signed for appliance and _ industrial 


applications, the switch features spade 


terminals with holes for solder con- 
nections, positive indexing, metal cover 
and molded nylon shaft and cam. Rated 
at 10 amp, 125 volts a-c, %4 hp. Controls 


Company of America, 9555 Soreng Ave., | 


Schiller Park, Il. ->570 


PULSE-GROUPING COUNTER 

Counting pairs, quads and other group 
quantities without pulse divider circuits 
is accomplished by electric counter with 


five number wheels for unit counts. Sixth | 


number wheel can be arranged to regis- 


‘te elem hale 


3) 


STRAIN 
Patel e 
BUSHINGS 


for standard 
and special 
ALA & To 


ELECTRICAL 
CORDS & CABLES 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 


MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 


CTs p= 
4 
MAN!—sSAY rr oe 
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SPACE-SAVING 


TWO CLARK, RELAYS 


added to the “PM” Line!... 


With the addition of Time-Delay and Universal Pole Relays 
to its “PM” line, Clark now offers the most complete integrated 
line of control relays available today! They have the same 
“modular” design and match physically the Convertible Pole 
(Type “PM”) and Latch Relay (Type“PML”). 


CLARK Type “PMT” 
TIME DELAY RELAYS 


@ Line up with other relays in the “PM” line. 
@ Timing head occupies space of 2 poles above magnet. 
@ Poles are “universal” type—each with 2 isolated contacts, one 


normally open, one normally closed, same as used on “PMA” 
relays described below. 


@ Available for “ON-DELAY” or “OFF-DELAY” operation (time 
delay after energization or de-energization). Easily convertible 
in the field. 

e@ Timed and instantaneous poles are identical. 


@ Models available with either 2 or 4 timed contacts and up to 
6 instantaneous contacts, 


CLARK Type “PMA” 
UNIVERSAL POLE RELAYS. 


@ Line up with other relays in the “PM” line. 


@ Each pole contains 2 isolated contacts—one normally open, one 
normally closed, with 600v clearance between contacts. 


@ Individual poles can be removed or replaced without disturbing 
others. Each pole has its own arcing chamber—any short circuit 
is confined to one pole. 


® Poles are interchangeable with convertible poles of “PM” relays. 
@ Models available with up to 14 contacts per relay. 


How Clark Relays line 
up to save panel space. 
1. Universal Pole Relay | 
2. Time Delay Relay 

3. Convertible Pole Relay 
4. Latch Relay 


Cie eS 
ae 


* 5 
bs 
i ce 
yi " 
u 


Write for complete information 


| 
CONTROLLER Gompany 


Everything Under Control | | | 1146 East 152nd Street ° * Cleveland 10, Ohio 
IN CANADA: CANADIAN CONTROLLERS, LIMITED @© MAIN OFFICES AND PLANT, TORONTO 


he CLARK ( 
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MICRO-PROCESSED FOR 
COMPLETE RELIABILITY 


beryllium copper 
electrical contacts 


@ Excellent Electrical 
Characteristics 


@ Precision Accuracy 
@ Freedom from Fatigue 


@ High Efficiency at 
Elevated Temperatures 


@ Corrosion Resistance 
@ Uniform Quality 


Increase 
Dependability 
of Your 
Miniature 
Sockets and 
Terminal 
Boards 


Request your copy 
of the |-S catalog 
on beryllium cop- 
per compression 
springs, flat 
springs, strip 
springs, contact 
strips, contact 
rings and screw 


1S Beryllium Copper contacts provide 


machine parts. 
Send drawings 
and specifications 
for quotations on 
your specific re- 
quirements. 


important advantages both electrically 
and mechanically. They offer designers 
and engineers the increased reliability 
required for today’s most critical appli- 
cations. Custom made contact springs 
of the types illustrated are produced eco- 
nomically in large quantities by means 
of automatic tooling. |-S engineers are 
available to help work out your contact 
problems and will gladly make recom- 
mendations on receipt of your applica- 
tion data; no obligations. 


INSTRUMENT SPECIALTIES 


co - iNC 


PROCESSED” 


254 Bergen Bivd., Little Falls, N. J. 
Telephone: CLifford 6-3500 


BtRYiLium COPPER SPRINGS 
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ter accumulated partial counts. Avail- 
able in knob reset base-mount, knob 
reset panel-mount and key reset panel- 
mount models for a-c or d-c and volt- 
ages to 150. PIC Automation Controls 
Div. of General Controls Co., 8074 
McCormick Blvd., Skokie, II]. 571 


HIGH-TEMPERATURE 
SYNCHROS 


Synchros operate over a range of —54 
to +200 C. The 400-cycle units have 


SIZE 11 


10-minute max error from electrical 
zero. Size 8 characteristics: input, 11.8 
volts at 30 ma; output, 22.5 volts with 
10-deg phase shift. Size 11 characteris- 
tics (2 models): input 26 or 115 volts 
at 280 or 60 ma; output, 11.8 or 90 
volts with 5- or 4-deg phase shift, re- 
spectively. Kearfott Co., Inc., 1500 
Main Ave., Clifton, N. J. “Foie 


MINIATURE HEAVY-DUTY 
POWER RELAY 


Hermetically sealed relay has self- 
wiping contacts rated at 25 amp, 115 
volts a-c resistive. Can be externally 
wired for double-make or break op- 
erations. Minimum of 100,000 opera- 
tions at 25 amp. Operation, 115 volt 
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Commuter special 

Day-in, year-in, reliability is a must for 
commuter surface and subway transporta- 
tion. And helping transit operators main- 
tain dependable-as-a-clock service are 
Westinghouse insulation materials and 
coatings. Typical product is the newly im- 
proved, semicured, Epoxy-treated West- 
inghouse layer insulation called ‘‘Nova- 
bestos.’’ Novabestos, used for coil insula- 
tion in d-c motors, eliminates many failures 
due to severe temperatures, high humidi- 
ties and corrosive atmospheres. Motor 
maintenance shops using Novabestos re- 
port sharply increased coil life as well as 
improved performance, even under severe 
load shocks and vibrations. Incidentally, 
premium performing Novabestos costs no 
more than standard materials. If you’d 
hike to test this improved layer insulation, 
write for working samples. Check box No. 1. 


Wrap it up in glass 

A recent advance in electrical insulations 
is the glass banding for rotating apparatus 
of all horsepower ratings. Westinghouse- 
developed, polyester glass banding mate- 
rial combines all the desirable electrical 
qualities of glass with the strength of steel. 
“Burn-out” failure and metal fatigue en- 
countered with the usual banding mate- 
rials are eliminated. Extra pluses include 
nonmagnetic, noninductive banding .. . a 
material with excellent electrical proper- 
ties and high potential strength factor . . . 
special construction of parallel glassstrands 
and soft, nonglass fiber to prevent longi- 
tudinal splitting. If you’re banding rotat- 
ing equipment, it will pay you to look 


LEADERSHIP LINE 


Westinghouse 
INSULATION REPORT 


published by Micarta Division, Westinghouse Electric Corporation 


into Westinghouse polyester glass banding 

tape. It’s properties are listed below. For 

samples, check box No. 2. 

Strength: 140,000 psi rating, ultimate and 
yield strengths. 


Electrical: Nonmagnetic. Noninductive. 
Rated well over 400 volts per mil. 

‘Temperature: Continuous rating of 150°C, 
with short-term temperature to 260°C 
without damage. 


Creep: One-half of normally used stainless 
steel, either rated load or up to ultimate. 


Toolbox spray shop 


Red enamel is a basic insulation which re- 
pair men find indispensable for insulating 
and oilproofing field coils, stators, control 
box interiors and other such electrical 
equipment and components. Now—a su- 
perior, service-proved red insulating en- 
amel— Westinghouse B-6-614—is avail- 
able in 16-ounce spray cans, so that on- 
the-job service can be provided without 
power spraying equipment. This fast-dry- 
ing enamel has outstanding electrical prop- 
erties, exceptional resistance to oil and 
chemicals, as well as excellent wear and 
abrasion resistance. Sprayed-on enamel 
provides smooth, glossy surfaces which 
shed dirt readily and facilitate cleaning; 
air dries tack-free in one hour, hard in four 
hours. Economically priced, too. For the 
facts and prices, check box No. 3. 


ail to: 
i 


Low bake, long wear 


Recently, many fractional horsepower mo. 
tor makers have been offering motors with 
sealed-in lubrication which lasts the life 
of the motors. One drawback, though . . . 
the motors cannot be finished in a good, 
baked-on, wear-resistant finish because 
such finishes require baking temperatures 
in ranges which literally melt out lubri- 
cants. Westinghouse went to work on the 
problem and came up with this solution: 
Westinghouse BT-3598-6 low-temperature 
gray baking enamel. This new enamel is 
suitable for all motors with built-in, life- 
time ‘‘Perma-wick”’ lubrication. The en- 
amel is medium gloss and cures at 160°- 
170°F . .. a temperature far below the melt- 
ing point of permanent-type Perma-wick 
lubricants. Manually or automatically 
sprayed —the finish has excellent adhesion, 
good mar and print resistance. Motors 
may be handled and packed almost imme- 
diately after baking. Westinghouse enamel 
BT-3598-6 specifications are: 

1. Color—ASA-33 gray 

2. Gloss—55-65 

3. Solids—50% +1 

. Specific Gravity 

. Thinner— Xylol 

. Viscosity —60-80 seconds Demmler 

No. 1 cup 
. Humidity —200 hrs at 100% R. H. 
. Flexibility and Adhesion—no cracking 
on \” bend 

9. Recoating—excellent 
10. Impact Resistance 
11. Oil Resistance 


For a test sample, check coupon box No. 4. 


1.07 


20 in.-lb impact 
excellent 


MICARTA DIVISION, WESTINGHOUSE ELECTRIC CORPORATION, 


TRAFFORD, PA. 


Send Me Information on the Following: 


1 | Novabestos Layer Insulation 
3 |_| Red Insulating Enamel in Spray Can 


Name 
Company 


Address 


you CAN BE SURE...1€ 17s 
ee 


WATCH WESTINGHOUSE \ 


2! | Polyester Glass Banding 
Low-Temperature Baking Enamel 


Title 


estinghouse W) 
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LOOK TO TOBE FOR PROGRESS 


Tobe 

filter systems 
Strengthen 
nation’s defenses 
in far north 


This is one of several filter cabinets 
that Tobe is supplying for installa- 
tion at an early warning radar line 
in Northern Canada. The single 
filter shown at the left is typical of 
the nine different types — used in 
combinations of 16 to 200 filters per 
cabinet—that make up a Tobe filter 
system for the line. 


The rigors of long-range transport- 
ing, and the severe environmental 
conditions encountered at the re- 
mote bases require that these filters 
and rf barrier cabinets (Tobe sup- 
plies both) be sturdy, reliable and 
long-lasting. But these are not the 
only reasons why Tobe was chosen 


specify 


for the job. Tobe also supplies some- 
thing not listed in the specs...crea- 
tive engineering. For example, here 
in one cabinet, Tobe packages multi- 
circuit filters that range in voltage 
from 120 to 4160 VAC. 


Creative engineering goes into every 
Tobe product, from the smallest 
Filterette to the largest thermonu- 
clear condenser. Don’t settle for 
anything less on your next filtering 
assignment. Talk to Tobe today for 
technical information and engineer- 
ing aid...creative engineering aid. 
Tobe Deutschmann Corporation, 
Norwood, Massachusetts. 


PRODUCTS 


TOBE DEUTSCHMANN + CONDENSER PIONEERS SINCE 1922 
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a-c nominal DPDT at 4 va. Dimensions, 
13%, x 15% x 2'%e in. high. Kurman 
Electric Co., 191 Newel St., Brooklyn 
22, N.Y. 573 


METAL-HOUSED POWER 
OUTLETS 


Surface-mounted outlets for ranges, 
driers and industrial use are available 
with either 30- or 50-amp receptacles 


within the same size housing. Phenolic- 
resin receptacles have sliding back plate 
to cover terminal screws. Receptacles 
take all standard 3-wire cordset caps. 
Housing available in ivory crackle fin- 
ish over steel, satin-finished aluminum, 
solid aluminum or special colors. Bell 
Electric Co., 5737 S. Claremont Ave., 
Chicago. >574 


VARIABLE-SPEED DRIVE 


Shaft-mounted mechanical drive is for 
variable-speed applications where out 
put shaft is at right angles to trans 
mission. Speed-Trol is available in drip 


proof or totally-enclosed constructions 
and 14 to 3 hp. Speeds, 360 to 5.2 rpm. 
Speed variations, 2:1 to 10:1. Sterling 
Electric Motors, 5401 Telegraph Rd., 
Los Angeles 22, Calif. +575 


DEPOSITED CARBON RESISTOR 


Hermetically sealed deposited crystal- 
line carbon resistor is sealed in a non- 
hygroscopic ceramic envelope. DCH-5, 
rated at 5 watts, has a resistance range 
from 100 ohms to 150 megohms. Rated 
at 100 per cent power to 70 C and 
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Now! End a 
Cable Failures here 
with, 


STRAIN 
RELIEFS 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in =z 
position. The Clickon forms animmovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


g,4! 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 


118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 

in 5 wire sizes to .790. 
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NOW! 


An electric counter 
that can be 


RESET DURING OPERATION 
without damage .. . 


Series 100 
High-Speed, Quick Reset 


Electric Counters 


Electrical 
reset 


@ Here is the ultimate in 
high-speed electric counters for use in 
applications demanding speed, accuracy and 
quick resettability. 


Check these features: 


Vv Low noise level during operation 
Vv Large, easy-to-read figures 
Vv Dust-proof case 
¥ Instantaneous reset even during operation 
v¥ Choice of base or panel mounting 
¥ Choice of manual or electrical reset 
¥ Available with 4 or 6 figures 


Manual reset 


Write for FREE LITERATURE, 
INTIMEX 
Cc a ny PO RATI oO N Richardson Bldg. 


Bonifant & Fenton Sts., Silver Spring,Maryland, (Washington, D.C.) 


Sales Engineers in: Worcester, Mass., Hartford, Conn., New York, N. Y. 
Philadelphia, Pa., Na pay oe Md., Winston- Salem, N. 6. St. Petersburg, 
Fla., Rochester, Cleveland, Ohio, Cincinnati, Ohio, Detroit, Mich., 
Chicago, tl., Salles. "tome Los Angeles, Cal, 
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You can develop NEW PRODUCTS 
for your company to make 
and sell using Durakool’s 
stee!-bodied ‘‘Nude’’ 
mercury tilt-switches 


“sm cree switches now derates to 0 at 160 C. Tolerance, +] 
available to ee and manu- per cent. Dale Products, Inc., Colum- 
facturers of wiring harness assem- bus. Neb. >576 
blies. 

Prices from 8% cents each. 25-AMP POWER 


Capacities: 1 to 65 amperes: 6 to TRANSISTORS 
460 volts. Transistors using germanium p-n-p, al- 
loy junction, and collector common to 
Ideal for DC loads. the case are available for high-current 
Sizes from .366” to .975” in di- 
ameter; .600” to 3.44” in length. 
Write for bulletin D-49 and price sheet 1053 


WT eLay), 


ALL STEEL MERCURY SWITCHES 


DURAKOOL, INC. a0 eo 
ELKHART, INDIANA switching and audio applications; 


meet mechanical and environmental re- 

1969 AVENUE RD.. TORONTO ONTARIO . jon . 

301 FIFTH AVE. SO., MINNEAPOLIS, MINN. quirements of MIL-T-19500A. Maxi- 

Circle 260 oa -, wa SY mum ratings for models 2N1162/3 and 
; aes 2N1164/5 respectively are 50 and 80 


volts collector to base; 35 and 60 volts 
@ ry i collector to emitter. Collector current 
6G a 7 C7 a ' ST E i 3 i T 4 | is 25 amp d-c. Semiconductor Products 


Div., Motorola, Inc., 5005 E. McDowell 


PSG AN A ceeeee | 


ELECTRONIC VOLTMETER 
MODULE 


A-C plug-in unit measures 10 mv to 
300 volts rms full scale sensitivity, de- 
pending on input voltage determined 
by built-in attenuator. Model SPD-22, 


P-2406-CCT 
Plug—with cable 
clamp in top. 





$-2406-SB 
Socket with shallow 
bracket for flush 
mounting. 
for use with remote meter, contains all 
VTVM circuitry except power supply. 
| ee ee) B. J ONES D IVISION Input impedance, 1 megohm, 10 pyf; 
CINCH MANUFACTURING COMPANY accuracy, +3 per cent; frequency 
: ey | range, 20 cps to 100 ke. Metronix, Inc., 


SION OF UNITED-CARR FASTENER CORP Chesterland, Ohio. >578 
(Continued on page 258) 
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ata 


put stable perform- 
ance in your measur- 


ing and servo loops 


Thesesynchronously-driven chop- 
pers handle d-c signals as small as 
10 * volt. SPDT switching action. 
Sensitive, stable performance. 
Ideal for computers, servomech- 
anisms, balancing circuits. Avail- 
able with special features such as 
fungus proofing, grounded hous- 
ing, mica-filled base, various con- 
tact percentages. Weight: 10 
ounces. Prices from $36. 


Driving coils in 60-50, 40 and 25- 
cycle converters are energized by 
6.3 volt a-c. 400-cycle converters 
use 18 volts. Other specifications 
on chart at right. 


MINNEAPOLIS- HONEYWELL, 
Wayne and Windrim Avenues, 
Philadelphia 44, Pa. 
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Part No. | 
Modulation Frequency 
Switching Action (SPDT) 


___—CELECTRICAL CHARACTERISTICS 
|_ 354210-2 __354210-1 154210-4 
20-30 cycles 40 45 cy les _50 65 cycles E _50-65 cycles” 

(Make-before-break) (Break-before 

Each contact closed 55% of each cycle make). Each 

(+ 2%) Other actions, as specified contact closed 

47%, ot each 
cycle 








Driving Coil Requirements 


“Contact Rating 
Electrostatic Stray Pickup 
Electromagnetic Stray 


Pickup 


Phase Shift 


[Symmetry 
Shielding 


Load Characteristics 


( apa 


Special Features 


~~ 6.3 v, 60 ma at rated frequency 


100 microwatts at 6 v max. 1 0 ma max 


2 x 10% volts per ohm of input circuit impedance 


Less than 2 x 10° volts, constant to within 2 x 10 
‘Output voltage lags driving phase by 17 


Within 2% 


Frame and coil shield grounded through pin No 2 


Resistive or Inductive 


__355081 _ 
360-440 cycles 
Each contact 

closed 57% of 
each cycle 
(+7%) 


18 v, 94 ma 
at rated 


frequency 


oe 

2 x 10° volts 

constant to 
2x 10° 


Lags driving 7 
phase by 45 
to 50 


|_Within 7% 


Shell and coil 
shield, grounded 
through pin 
No. 2 


Output voltage varies less than 2% with rates of vibration from 0 to 10g 


7 10 oz. _ Necte 

Specify SS-8816-A for anti-fungus treated, vibration re 
sistant wiring, hermetically sealed case 

Also available with side plug for exciter coil connection 


Honeywell 
iH oats uw Coutrol 
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8.502 


All 400-cycle 
converters are 
treated as 
shown at left 





MODEL 150 


features 


VARIABLE 
FREQUENCY 
OUTPUT 
ET aPL ee 


With front panel control of feedback for improved load match- 
ing, the Model 150 provides 150 volt-amperes for 1.0 to 0.7 lead- 
ing or lagging power factors. Consuming about 450 watts from a 
nominal 115-volt 50/60 cycle line source, its output voltage is ad- 
justable from 105 to 125 volts (0-130 volts as a power amplifier). 
Output voltage regulation is +2% for load or line as an oscillator 
(as a power amplifier, regulation is dependent on feedback control 
setting and power factor of the load). 

Total output distortion at full load is about 1.5% at 400 cps. At 
50 watts, distortion is less than 1% from 100-500 cps. 

Output frequency  ‘iation due to rated line and resistive load 
changes is less than: .% +2 cycles. Frequency variation due to a 
change of 100 VA of reactive load is about 0.5%. 


Cabinet is 21-1/2” wide x 13” high x 15” deep and is equipped 


with ventilating fan. Front panel is 19” wide x 10-1/2” high and 
can be mounted on standard relay rack, Net price $575. 


For Owners of the 
RFL Model 829 AC-DC 


Instrument Calibration Standard 


By combining the Model 150 with the 
Model 829 and the Model 10 Test Equip- 
ment Cart, a complete meter calibration fa- 
cility can be achieved in a small space. 

The cart is made of heavy gauge sheet 
steel and is equipped with free rolling, 
swivel casters. Usable inside space is 33” 
wide x 16-1/2” deep x 26” high. One side 
accommodates standard 19” wide panels to 
meet RETMA rack standards; the other 
side has 24” wide opening for equipment 
mounted in cabinets, such as the Model 150. 
Interior shelf is adjustable in any position 
from top to bottom. Accessory, drop-leaf 
work counter, attachable to either side of 
the cart, is also available. 


Performance is rigidly guaranteed. Price is 


net, f.0.b. Boonton, N.J. and subject to 
change without notice. 


Radio Frequency 
PY 1):9- Veo t La INC. 
Boonton, New Jersey, aL S 
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MULTI-POSITION ROTARY 
SWITCH 


A 12-position shorting-type rotary switch 
with contact resistance under 1 milli- 
ohm is available in six models, one to 


six poles, and breakdown rating better 
than 1000 volts rms. Features are nylon 
detent and hardened beryllium copper 
detent spring. Adjustable stop positions. 
For over 250,000 rotation cycles. Series 
2000 switch has solid silver contacts 
and silver alloy brushes. Dust-proof 
housing. Industrial Devices Inc., 982 
River Rd., Edgewater, N. J. >579 


MINIATURE 
POTENTIOMETERS 

For precision servo and trimmer ap- 
plications, Type RVG_ potentiometers 
provide resistance ranges from 10 to 





0 & 
h @ 


100 k ohms and dissipate 2 watts at 
85 C, derated to 0 watts at 150 C. 
Linearities range from +0.5 to +3 per 
cent. Gamewell Co., 1238 Chestnut St., 
Newton Upper Falls, Mass. >580 


MAGNETIC MOTOR STARTER 
NEMA Size 2 starter, rated 25 hp at 
140/600 volts, includes are trap to 
contain and quench ares. Are trap is 
of magnetic steel that attracts arcs 
away from contact tips to blow out are 
in 2 millisec or less. Auxiliary con- 
tacts have single “make” and “break” 
contact arrangement and sliding wipe 
action. Up to three auxiliary contacts 
in addition to holding interlock can be 
| added to starter. Relay trip setting 
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B AC KGROI ND neta starts in the foreground! 


For when it comes to Roebling Magnet 
( EK Ol ] ALITY — ie pond means 1- 
skill based on dec ades 
*xacting testing and incpection, 
. vay no more for Roebling Magnet 
Wire. yu get re in terms of satisfyin 
pert ete nis ou choose the packa 
that aa give you utmost efficiency aa 


economy. Write today to Electrical 

,= Wire Division, John A. Roebling 
vonue S Sons Corporation Trenton 2 
New Jersey ai rmation about 

ypes and sizes of 0 -bling Mag met Wire 


exactly salad te your applications 
PP 


ROE SB Lihticdé 
Branch Offic ee Citie 
Subsidiary of The Colorado Fuel and iron eeu 





Save 65¢ 
on each 
Fastener Dollar! 


| adjustable from 85 to 115 per cent of 


Replace yes ih AY | nominal heater rating. General Electric 


Co., Schenectady 5, N. Y. > 581 


nuts and jam nuts FREQUENCY-TO-VOLTAGE 


with low-cost, vibration-proof CS CaRS 


Linear frequency to d-c voltage trans- 
ducer line has two new types. SMC-15 


TYPE R Magacycler converts pulse rates of 0 
to 3 cps to linearly varying d-c. SMC- 
a 5000 converts 0 to 5000 eps. with pro- 


All PALNUT Lock Nuts pro- 
vide attractive savings—but in 
sizes from *%” and up, the ratio of 
economy increases dramatically. 
On many applications, Type R 
PALNUT Lock Nuts can do the 
job better, at ‘4 the price! 
PALNUT spring-tempered steel 
lock nuts provide rugged assem- 
bly for loads in shear and mod- 
erate tensile loads, in sizes up to 
24" diameter. In addition, you Seve Space—need only 3 belt threads, through a 4-to-1 frequency range. Both 
get the following design and cost permit shorter bolts. have full-range linearity better than 
advantages: Save Weight—PALNUTS weigh 65% less 0.5 per cent; 0.1 per cent available. 

than plain nuts, 80% less than plain nut Temperature sensitivities better than 

and lockwasher. 100 ppm ‘deg 


Vibration-proof assemblies without lock- 


euisitien. visions to adjust max freque icy detected 


50 ppm from —60 to 
Precision Made—always fit screw threads. 1100 deg C available. Pioneer Ma 


© Fast Assembly with hand or power tools. netics Inc., 5858 Wilshire Blvd.. Los 


e@ Sizes from #3-48 Machine Screw through Angeles 36. Calif >582 
22” American Standard Heavy. . = 


‘ 


ELECTRONIC EQUIPMENT 
COOLING BLOWER 


; ie tT : Dual centrifugal blower is designed 
Above: A %"-18 PAL- : aes ? ig oe for cooling control panels, 
ae — ee 7 mm) . consoles, and other equipment packed 
niet ni nm oir Fe 3 : ' . ° 
aces, aie orm 2 with tubes, power supplies and _heat- 


computers, 


ae "Me Above: A 1”-14 PAL- 
Right: A %”-20 PAL- : — f NUT holds rear view 
NUT used on base as- , ee mirror bracket to cowl 
sembly of food mixer. fe of automobile. 


Write for literature and free samples, stating type, size and application. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 


in Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


Quick, secure fastening at low cost 
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Vow, from the Laborator ime LAR. 


USS 


NEW SJ X-IN-LINE HGG6F RELAY BRINGS BIG SAVINGS 
IN SPACE, POWER, AND COST 
Latest in the Clare line of Mercury-wetted Contact This striking new design provides the most re- 


Relays, world famous for their Tela il opera- liable, durable, maintenance-free relays ever made 
tions*, is Type HG6F, a six-in-line flat-pack relay. anywhere, p/us these savings 


\V ES SPA 


( 





















Unique packaging affords up to 50% 

savings in space over cylindrical 

multi-element mercury- 
wetted contact relays. 


AVES POWER 
Six switches per coil saves 
operating power. 


WES COST 
Switch cost as much as 26% be- 


low cost of same number of switches 
in cylindrical packages. 


*Mercury-wetted contact relays on test have completed 
over 8 billion operations with a contact-load of 250 volt 
amperes, and are still going strong 


Compact CLARE 


MECHANICAL TYPE HG6F Relay ready 


for mounting. Overall 


FEATURES dimensions: 3.640°x3.125 "x 1.046 


Flat, rectangular package makes 
most efficient use of chassis space. 
Printed circuit mounting eliminates 
customary internal wiring except for 
coil leads. 

Units can be stacked in line without 
interaction. 

No shelf deterioration; requires no 
maintenance, 






Contacts cannot wear, get dirty, L ' =e t Four CLARE Type 
stick by locking or welding, nor six-in-line mer- Ih HG6F relays mount 
chatter. cury-wetted con- : in a space 50% 
Tamper proof. tact switches on a F less than cylin- 
Completely protected against dust printed circuit . ; drical multi-ele- 
and dirt, corrosive fumes, and ex- panel. T a | i ment assembiles. 


plosive atmospheres. 

No mechanical damage when sub- 
jected to usual military shock and 
vibration tests. 


ELECTRICAL 
FEATURES 


Life expectancy measured in billions 
of operations. 


No contact chatter or bounce. 


Low and consistent contact resist- SEND FOR BROCHURE CPC-2 





Pr For complete information, contact C. P. Clare & Co., 3101 Pratt 
Full line of coil resistances. Sait ‘ , 
Contacts rated at 5 amperes, $00 Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Ltd., 


volts (d-c or rms) 
Product of voltage prior to 
closing and current prior to 
opening, 250 volt-amperes 
maximum, 


Nominal operating time: 1 watt In- 


put, 11 milliseconds; 2 watts input, 
7 milliseconds; 4 watts input, 5 milli- P A ee 
seconds, 


Release time: 4 milliseconds or less. 
Maxi continuous dissipation: : - 
5 watts at 100° F. . r FIRST in the industrial field 


2700 Jane Street, Toronto 15. Cable Address: CLARELAY 


TWO RELAYS IN ONE 


a time-delay relay 
and a load carrier, too 


Kind of small, this Heinemann Type A Relay. Weighs 
only three ounces. Yet, it can do two jobs for you. In addi- 
tion to providing a controlled time delay (anywhere from 
%4 to 120 seconds), it can serve as d load carrier, itself. 
The relay may be energized continuously. This simplifies 
things nicely. You don’t have to use auxiliary lock-in circuits 
or load relays—not unless you need more than three amps’ 
contact capacity. 

D.P.D.T. switching is clean and decisive, just as it should 
be for healthy operation. The timing element is hermetically 
sealed, and this, too, keeps the relay in top form throughout 
its long service life. 

Cost? Definitely calculated to win favor and influence your 
buying decision. Check on it, you'll see. 


FOR DETAILED SPECIFICATIONS, REQUEST BULLETIN 5003. 


co, 


ELECTRIC COMPANY 


99 Pium St., Trenton 2, N. J. S.A. 1970 
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generating equipment. Meets all im- 
portant military specifications issued 
by the services. 

Air delivery, 150 to 500 cfm; panel 
width, 19 in. rack; panel heights, 3-14 
to 8-34 in., increments of 1-34 in.; 
motors, capacitor types, in 60 or 400 
cycle, single or three-phase; case and 
grille conform to MIL finishes. McLean 
Engineering Laboratories, Princeton, 


Ne de > 583 


PREPUNCHED TERMINAL 
BOARDS 


Series of-terminal boards is used for 
mounting circuitry in bread-board and 
permanent installations. Component 


wires and terminals may be _ inserted 
where desired. “Vectorbord” is avail- 
able in six patterns with 0.062 and 
0.093 in. holes, in XXXP phenolic, G-7 
glass s.licone, G-10 glass epoxy and 
paper epoxy. Vector Electronic Co., 
1100 Flower St., Glendale, Calif. ->584 


SERVO-DIAL ASSEMBLY 


Dial may be mounted and dismounted 
from front panel when a conventional 
synchro clamp is located on equipment 
panel. Synchro or pot is inserted and 


held in spring-loaded collet. Specifica- 
tions: range, 360 deg continuous; ac- 
curacy, 0.1 deg; OD, 5 in.; meets MIL- 
T-945A. Theta Instrument Corp., 48 
Pine St., E. Paterson, N. J. >585 


(Continued on page 264) 
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} EXPERIENCE... 


plus 190" factor 


ae 


THOMSON 
CONTACTS 


JUDSON L. THOM Soll « MFG. CO., WALTHAM 54, MASS. 


Since 1885 
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PANEL METERS 


A-C and D-C models in 2.5- to 7-in. 
class, featuring Cormag mechanism for 
shielding from external magnetic fields, 


Avotier lime ond Labor Suer 


for finishing wire leads 
with ARTOS AUTOMATIC CS-6 


A new collecting device 
is now available for use on 


the popular Artos CS-6 


have accuracy from +0.5 to 2.0 per 
cent. Round or rectangular, phenolic 
resin cases are standard in 2.5- and 
3.5-in. instruments. Model 1741 4.5 in. 
Crown series illustrated. Weston In- 
struments, Div. of Daystrom, Inc., 614 
Frelinghuysen Avenue, Newark 12, 
N. J. >586 


MODULAR POWER SUPPLIES 


Regulated power supplies mount in 
| small spaces on conventional chassis 
cutouts. Sixteen models range from 125 
| volts at 50 ma to 425 volts at 400 ma. 


wire-measuring, Cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 
A CEE 
Single Conductor Solid Wire 
SEE 
2-Conductor Parallel 
Stranded Wire 
aw 
300 Ohm Television Wire 
Sv 
SJ Cord 


a ee 
Heater Cord 


a a | 
Shielded Wire with Rubber Jacket 


new collecting trough 
(AE-478). Upper trough 


collects wire leads up to 





60 inches long, then empties 
into the lower trough 
after wire has been cut, 


thus saving operator time. 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches. . . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 





Regulation for all is 0.05 per cent. 
Ripple under 1 mv rms. Transient re- 
sponse under 25 usec. NYT Electronics, 
Inc., 2979 Ontario Street, Burbank, 
Calif. >587 


FHP MOTOR 


Motor with die-cast frame can incorp- 
orate reversing, dynamic braking, and 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 


As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 


AGENTS 


a we World Leaders in Automatic Machines 
for Finishing Wire Leads 


AR TOS eerie 


2741 South 28th Street e Milwaukee 46, Wisconsin 
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is available with either ball or sleeve 
bearings. Any finish may be obtained. 
M-60 motor is available for 6 to 220 
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Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 
Epon resins, have superior insulation 

and dielectric strength. Accuracy and 
over-all performance are greatly improved. 


Good-All Electric Manufacturing Co. 


New Epon resin-molded 600 UE capacitors 
have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


for potting, molding, sealing, encapsulating 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . . . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 

To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon.resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations. 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
lations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


Central District 
6054 West Touhy 
Chicago 48, Illinois 


East Central District 
1578 Union Commerce Bldg. 
Cleveland 14, Ohio 


50 West 50th Street 


New York 20, New York 


IN CANADA; Chemical Division, Shell Oil Company of Canada, Limited, Toronto 
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Eastern District Weste 


District 
wney Avenue 
Calitornia 





let us fit the transformer 
to your design requirements 


You need not limit your design to off-the- 
shelf components. Hevi-Duty specializes in 
adapting transformer designs to your speci- 


fications. 


Special ratings can be designed, 


manufactured, and delivered promptly. Here 
are three examples. 


Motor Starting Auto 
transformer, used 
for manual or au- 
tomatic reduced 
voltage starting of 
synchronous and 
induction motors. 
Terminals are 
mounted on the coil 


Air core current limiting 
reactor, designed to limit 
ailable the short circuit current 
in a special application phase, 
on a 550-volt circuit. 


Further details or 


tions ov 
quote 
ypon your request. 


Molybdenum furnace 
power supply. Water- 
cooled output bus, single 


HEVI-DUTY ELECTRIC Co. 


MILWAUKEE 1, 


Industrial Furnaces, Electric and Fuel 


WISCONSIN 


Dry Type Transformers 


Constant Current Regulators 
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Here’s how Wisconsin Ceramic Parts 
help cut production costs! 


Highly developed manufacturing 
process makes it possible to obtain 
a great degree of accuracy on porce- 
lain, refractory, steatite and filter 
parts, 


The uniformity and toughness 
of Wisconsin Ceramic parts result in 
components that fit easily and accu- 
rately into place,—speeds assembling 
and increases production efficiency. 


Send a sample or blue print and 
tell us your requirements. We will 
be glad to quote prices and delivery. 


Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN 


PORCELAIN CO. 
WS Market St. 
SUN PRAIRIE, WISCONSIN 
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volts. Accepts Rae gear units. Rae 
Motor Corp., 2005 Kewaunee St., Ra- 
cine, Wis. —>588 


PRE-ASSEMBLED NUTS 
AND WASHERS 


Units include plain dished washer and 
conical washer types and are suitable 
for spanning bolt holes and distributing 


fastener load. Available in sizes from 
No. 8 to %6 in., with various washer 
sizes. Shakeproof Div., Illinois Too 
Works, Saint Charles Road, Elgin, 
Ill. >589 


PUSHBUTTON ENCLOSURES 


Thirty-eight different enclosures, for 
use with standard oil-tight pushbuttons, 
switches and pilot lights, are available 
in four types: standard, extra deep, 


slim and pendant. Boss enclosures fea- 
ture cellular neoprene 
held on by captive screws. Manufac- 
tured to JIC, NEMA and UL standards 
for industrial control equipment. Huene- 
feld Co., 2701 Spring Grove Ave.. 
Cincinnati 25, Ohio. >590 


gasketed cover 


HEAVY-DUTY MOTORS 


Crane-Hoist motors are for use on ma- 
terials-handling equipment where high- 
slip, high-torque characteristics are 
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Fractional Hp problem 
solved by “National”. 


80% longer brush life in this firm’s power tools... 


THANKS TO 


This major power tool manufac- 
turer was troubled by short brush 
life in one of his hand saw models, 
says ‘‘National’’ Carbon Brush 
Man Louis J. Esposito. 

LOUIS J. ESPOSITO Performanee tests showed exces- 
sive sparking, bar burning and uneven brush wear. Lou 
brought the problem to NATIONAL CARBON’s technical 
service department. Suggested remedy: arevised spring 


ATIONAL 


TRADE MARK 


design and changeover to‘‘National” Brushes Grade F-38. 

Result: even brush wear, no further sparking, up to 
80% longer brush life— product quality increased, ser- 
vice problems cut down—all with no extra manufactur- 
ing costs. 

For details on how you can have brush tests con- 
ducted on small motors, call your “‘National’’ Carbon 
Brush Man. Or, write: National Carbon Company, 
30 East 42nd Street, New York 17, N. Y. 


“‘National’’, ‘‘N’’ and Shield Device, and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation SS 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation » 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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an addition to the Di Er L family of 


INSTRUMENT 
SERVO-AMPLIFIERS! 


INSTRUMENT SERVO COMPONENTS 


This new line of Instrument Servo- 
Amplifiers, coupled to an already es- 
tablished family of DIEHL Instru- 
ment Servomotors, Tachometers and 
Gear Reducers, further expands the 
new DIEHL concept of furnishing 
high quality servo components in 
modular form. 


These units have been designed so 
that a true servomotor-amplifier com- 
bination featuring faster SERVO re- 
sponse is at last available from a 
single source of supply. 


DIEHL Instrument Servo-Amplifiers 
are supplied in ratings suitable for 
driving the popular 1, 5 and 10 watt 
motors and use printed circuitry for 
high reliability. 


FEATURES 


Standard rack mounting. 
Control adjustments for gain, 
phase, internal feedback, and 
external feedback. 
Push-pull output stage 
matched to motor control 
phase. 

A.C. or D.C. input. 

With or without integral pow- 
er supply. 

Reliable, premium quality 
vacuum tubes. 


SINGER 


Write for detailed information on this com- 
plete line of Instrument Servo Components. 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


other available components 


* AC SERVOMOTORS * 


AC SERVOMOTORS WITH AC TACHOMETERS * 


DC SERVO SETS 


* AC SERVOMOTORS WITH DC TACHOMETERS + AC AND DC TACHOMETERS * RESOLVERS 


*A Trademark of DIEHL MANUFACTURING COMPANY tA Trademark of THE SINGER MANUFACTURING COMPANY 
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needed. Motors available in ratings 


from % through 50 hp, frame sizes 
182 through 365U, drip-proof or totell, 
enclosed, 15- or 30-min duty ratings. 
Reuland Electric Company, Alhambra, 


Calif. >591 


MINIATURIZED INDUCTION 
MOTOR 


Power motor for tape recorders, office 
machines, turntables, aircraft, instru- 
ments, electronic devices and other ap- 
plications is a permanent split capaci- 


tor, 1-phase, 50/60 cycle unit available 
in induction, torque and synchronous 
types. Also available in 2- or 3-phase 
designs. Ratings, 400 to 140 hp. Model 
9200 motor bearings are porous bronze- 
sleeve type. Ball bearings can be sup- 
plied. Howard Industries, Inc., 1760 
State St., Racine, Wis. 592 


MINIATURE ROTARY RELAY 


DPDT relay, rated at 5 amp for 100,000 
operations, can carry 10 amps for 
25,000 operations and operate under 
vibration of 15 g from 55 to 2000 eps. 


Temperature range, —65 to +125 C. 
Hermetically sealed VG series has gold- 
flashed  silver-magnesium-nickel alloy 
contacts. Electronics Div., Elgin Na- 
tional Watch Co., 2435 No. Naomi St., 
Burbank, Calif. +593 


MECHANICAL LIMIT STOP 


Infinitely-adjustable mechanical stop 
comes in two sizes having 10.5 and 42 
turns max. Starting torque, 0.1 oz-in. 

(Continued on page 272) 
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New Wire-fiom Sylvania } 


ALUMINUM CLAD CQPPER—40% 


30 


40 50 60 


70 


Percent Conductivity—I. A. C. S. at 20°C 


luminum Clad Copper-40% 


Combines the surface, temperature 
and weight advantages of aluminum 
with the superior conductivity of 
pure copper 


A new high-conductivity, alumi- 
num clad copper wire designed for 
the production of high-temperature 
magnet wire and for high-tempera- 
ture applications in aircraft, missiles 
and high-speed industrial equipment 
has been developed by Sylvania. It 


can withstand operating tempera- 
tures up to 700°F. 


The new wire has a conductivity at 
room temperature approximately 
75% of pure copper and consider- 
ably higher than pure aluminum. 
The aluminum cladding measures 
approximately 40% of the cross- 
sectional area of the wire. 


In addition to its surface, temper- 
ature and conductivity advantages, 


¥SYLVAN IA 


Subsidiary of 


GENERAL TELEPHONE & ELE crnonrcs (68) 


JUNE 1959 


Circle 275 on pege i7 


the new aluminum clad copper wire 
is ready for anodizing to provide a 
self-insulating surface. Space, weight 
and cost savings should be of interest 
to all producers and users of mag- 
net wire. 

For further information.on new 
aluminum clad copper, contact your 
Sylvania Parts Division representa- 
tive or write to: 


Sy.Lvania ELecrric Propucts Inc. 
Parts Division, Warren, Pa. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 





These 
2 UNITS 
are the basis 
fora Complete System 
Af relays 


es 


CLASS 8501 } VU aa CLASS 9050 
TYPE DO-22 aici ‘@ : TYPE AO-1E 


Here’s why designers and 
users alike prefer Square D... 


Complete selection « Relays available for 

both AC and DC systems—with up to 10 con- 

tacts—in both electrically and mechanically 

held forms. Timing relays wth intervals from 

0.2 second to 3.0 minutes—also in AC and 

DC versions. 

Require less panel space» Relays are only 

3” wide, range in height from 34" to 5".Timers 

are just 2%" x 4%e" or 22" x 77m". Mechani- 

cally held relays require no extra panel space. 

No mounting problems « All Type D relays 

and Type A timers have identical mounting 

hole dimensions. 

Easy wiring « Choose either pressure wire connectors or 
slip-on connectors for all terminals. 

Long life « Balanced construction reduces wear on single 
moving part. Epoxy-resin molded coil operates cooler, vir- 
tually eliminates coil burnout. 


SQUARE JT) COMPANY 


ELECTRICAL MANUFACTURING 





Square D s7zw-revenn Relays 


RELAYS FOR EVERY JOB 


Easy-to-use attachment converts DC relays have mounting dimensions 
Square D Type D relays available any Type D relay to mechanically held and contact arrangements 
with up to 10 contacts with no increase in panel space identical to AC relays 


WIDE CHOICE OF TIMERS 


Both AC and DC versions convertible 
from on-delay to off-delay, using 


Timing relays have same mounting 
only a screwdriver 


dimensions as Type D relays Matching DC timing relays 


FAMILY FEATURES SIMPLIFY DESIGN PROBLEMS 


‘sais. § , Disassembly from 
front in 20 seconds, 
makes Square D 
Type D relays easi- 
est to maintain 


' 
Y , ae ( 
' 
' ‘ « } 
Mounting dimensions are identical Slip-on connectors 5 Te 


for Type A timers and Type D relays for all terminals available 


\ Write for full details » Ask for Bulletin D, Square D Company, 4041 N. Richards St, Milwaukee 12, Wis 
‘\ 


\ 
\ Square D offers the broadest line of relays, starters and accessories for all types of contro! systems 
, 


Ask your Square D Field Engineer about the new/LO program «> G) ce 
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electric 
motion 
contro/ 
FACTS 


for 
IDEA 
MEN 


Electromagnetic power 
drive controlled from 
servo outputs 


PROBLEM: Vary the 

feed of a magnetic 

tape drive from 10 

to 180 in. per second, 

depending on veloc- 

ity or amount of in- 

formation to be read from the tape. 
SOLUTION: Four Warner electric clutches 
were used to control the reel and one electric 
brake to control the capstan, establishing 
dual operation from feedback voltages. A 
tachometer on the capstan drive generates a 
voltage proportional to the cape speed. In- 
formation on the tape itself generates an- 
other voltage, which, if greater than the 
tachometer voltage, is electronically com- 
pared to a reference voltage reflecting the 
requirements and limitations of the con- 
necting equipment. 

The tape reader must be capable of han- 
dling one parallel group of pulses (a single 
digit) at a time. Therefore, lines are packed 
20 to an inch, which means a complete stop- 


REWIND DRIVE 
WIND DRIVE 


WIND CLUTCH 


REWIND CLUTCH 


ELECTRIC BRAKE 


start cycle within 1/20 of an inch. Actually, 
torque build-up periods of the brakes and 
clutches overlap each other, permitting in- 
stantaneous response to the error signal. 
Thus, tape may be advanced a line, a block, 
or a single digit at a time, leaving enough 
space for acceleration to required speed and 
proper reading of the next information bit 


Assembly advantages 
Leads to the clutch and brake coils are inte- 
gral with the field assembly—there are no 
slip rings or brushes. Build-up of current 
in the field, engagement of the armature 
and rotor (or replaceable face), and full 
operation are accomplished in milliseconds 
Send for more IDEAS _ 
Write for factual application om! 
sheets showing how ma- ‘. 
chines are made more produc- _ 
tive, easier to control, simpler 
TA, 


to maintain, ‘ 
. 


ELECTRIC BRAKES 
AND CLUTCHES 


yaa 
ed 


cc) 


Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 
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max. Moment of inertia, 0.005 oz-in.?. 


Torque capacity, 60 oz-in. Energy stor- | 


age at limits, 0.5 oz-in. Gap Instrument 
Corp., 116 E. Merrick Rd., Freeport. 
oe ee ae & > 594 


MICROMINIATURE CHOPPER 
Mechanical d-c to a-c chopper is 
housed in 44 x 4% x % in. metal case- 
ment. Low noise level SPDT chopper 
has over 2000 hr life, a hermetic 
sealed-contact closure, and 150 elec- 


trical deg minimum dwell time. Avail- 
able from stock for 6 volts, 400 cps. 
Frequencies from 0 to 1800 cps may 
be ordered. Rawco Instruments, Inc., 
3527 West Rosedale, Fort Worth 7, 
Texas. > 595 


25-AMP RELAY 

Relay 325 ST meets the requirements of 

MIL-R-5757B and MIL-R-6106B. Triple- 

pole ST relay operates on 1.5 watts. 
(Continued on page 276) 


D-C 
POWER 


Precisely Regulated for 
Missile Testing and 
General Use 


CHRISTIE 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 


Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif. 
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Naugatuck VIBRIN LIQUID POLYESTER RESINS 


NEW POTTING COMPOUND 
COSTS YOU LESS! 


Compare these costs! 


GENERAL-PURPOSE LS a4 
POLYESTER VIBRIN X-1088B 


Specific gravity 1.12 Specific gravity 1.04 
Lbs. per drum t=} 0) 8] Slt Meet Teta laa) 464 
Cost at $.34/ib. $170 Cost at $.34/ib. $157.76 

Saving per drum $12.24 


Equivalent Saving 
per pound $.0245 


New VIBRIN X-1088B is a proven coating and potting compound that offers all these cost- 
saving features: 


costs less to use than general-purpose gives low shrinkage and low exotherm 
polyester. Lower specific gravity means less 
cost per volume, less cost per part ; : 
costs far less than epoxies low viscosity gives high filler capacity with 
ease of impregnation 


permits controlled gel and cure 


reduces cure time considerably 


Need unusual heat resistance? VIBRIN 136A gives excellent protection at sustained tempera- 
tures of 500° F—intermittent service up to 1000° F! 


Whatever your product, whatever the potting compound you now use, better look into VIBRIN® 
potting resins thoroughly. See for yourself how you'll save! 


United States Rubber 


° i ar 642-V Elm Street 
Naugatuck Chemical Division Naugatuck, connecticut 


Rubber Chemicals ¢ Synthetic Rubber ¢ Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 


OIST. OFFICES: Akron * Boston * Gastonia * Chicago * Los Angeles * Memphis * New York « Phila. * CANADA: Naugatuck Chemicals, Elmira, Ont. * CABLE: Rubexport, N.Y. 
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SAME NEMA RATING IN 
60% LESS SPACE 


New-product news from Louis Allis 


PERFORMANCE-PROVED RADIAL 
AIR-GAP DEPENDABILITY 


60% shorter— 
but with radial air-gap design! 


New Louis Allis Pancake Motor preserves 
all the advantages of conventional motor construction 


The new Louis Allis Pancake Motor is your solution to trouble-free power 
in any space-cramped motor application. 
The Pancake is a remarkably short flange-mounted motor — up to 


60%, shorter and 33% lighter than standard motors of the same rating! And 
it is built in conventional radial air-gap design! 


It’s done by an ingenious forming process which literally compresses the 

end coils of a conventional radial air-gap motor into an exceptionally short length. 
The result is a compact, light motor ideally suited for horizontal or vertical 
mounting on machine tools, roof ventilating fans, or any close-quarter installation 
where space is a critical design factor. 


What’s more, this is achieved without sacrificing a single desirable 
characteristic: the stator still contains the same iron and copper as standard 
Louis Allis motors... standard NEMA service factor is maintained .. . 

high insulative values are retained by using proved Louis Allis varnishes and 
new insulating techniques. . . over-sized pre-lubricated bearings are used to 
guarantee long bearing life... and the entire motor is enclosed in an 
industrial-type cast-iron housing designed to shrug off abuse! 

The housing and flange are cast in one piece: this permits extra-accurate internal 
machining which extends bearing life and reduces noise levels to a new low. 


Investigate the Pancake Motor through your local Louis Allis District office. 
Sized from 1 to 15 hp, at 1800, 1200, and 900 rpm, in open drip-proof and 
enclosed non-ventilated or fan-cooled enclosures. Write for Bulletins 2100 and 
2150 to the Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


sate LOUIS ALLIS 





Available for 400 cycle a-c operation 
internally rectified. Unit is 1-% x 1-34 
x 2-14 in. Electro-Mechanical Special- 
ties Co., Inc., 1016 No. Highland Ave., 
Los Angeles 38, Calif. +596 


announcing . a 


SUBMINIATURE TOGGLE 
SWITCH 

Four-way switch assembly Type 8SB2-1 
consists of eight Type USMS5 switches 
in mounting bracket, with 4-way toggle 


Halll 


INSULATED WIRE AND CABLE 





A Significant Advance in 
High Heat Resistant Insulation 


Phalo Plastics Corporation, through their program of research and 
development now offer Prolene” insulated wire and cable to mark an 
important step forward in high heat resistant insulation. 

Super light (0.9) specific gravity “Prolene” is tougher and harder 
and displays greater crush resistance than the two basic types of poly- 
ethylene in general use. 

“Prolene” has good inertness and moisture resistance. It also resists 
solvents, greases, oils and many of the common acids and chemicals. 


mechanism. Toggle is maintained in 
center position and is spring-returned 
from four 
positions. Each operate position actu- 
SPDT switches. Basic switch 
rating: 2.5 amp, 30 volts d-c, inductive. 
Div... W. L. Maxson 
Ives Rd., Wallingford, 


597 


each of possible operate 


ates 2 


Chart shows typical comparative melt points of low density poly- Unimax Switch 


ethylene — “Phalene” and “Prolene”. 


LOW DENSITY 
POLYETHYLENE 


Corporation, 
Conn. 


110 
EPOXY MOTOR-WINDING 
SPRAY 

Low-build epoxy formulation Type 213 
protects electrical equipment in chemi- 


cal environments. Material may _ be 
brushed or sprayed with conventional 


DEFORMATION — PER CENT 
. 6 £ -% 


nN 
So 


120 130 140 150 160 
TEMPERATURE — DEGREES C. 


Ask for technical data on new “PROLENE” 


motor-shop equipment. Overnight cure 
at room temperature or at 275 F in 15 
min. Suitable for class A and B service. 
Periods of overload to temperatures of 
400 F will not cause “Motor Seal” to 
soften, sag, or decompose. Epoxylite 
Corp., Box 3397, 10829 E. Central 
Ave., El Monte, Calif. >598 


530-6 BOSTON TURNPIKE 


PLASTICS CORPORATION 
SHREWSBURY. MASSACHUSETTS 


See page 280 for Laboratory & 


196-9 


Representatives in Leading Cities Throughout The U S. A, 
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Engineering Equipment. 
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The SKIPJACK was built for the Navy by General Dynamics Corporation, Electric Boat Division. 


Newest and fastest of the Navy’s fabulous nuclear submarines 
is the SKIPJACK, designed to carry out underwater missions in 
utmost silence. That is why the hushed quietness of Hoover 
quality ball bearings makes them the first choice for critical 
applications. Precision-made with super-smooth Hoover Honed 
raceways and perfectly matched sets of Micro-Velvet balls, 
Hoover ball bearings contribute to the quiet, enduring per- 
formance of a wide range of products. 


Hoover Honed and Micro-Velvet are Hoover Trademarks. 


Hoover Ball and Bearing Company 
5400 South State Road, Ann Arbor, Michigan 


Please send new Bulletin 110 which describes Hoover's full line of quality deep- 
groove ball bearings. 
Name 


BALL AND BEARING COMPANY Title 
5400 South State Road, Ann Arbor, Michigan Company 


Sales Offices and 2020 South Figueroa, Los Angeles 7, California 
Warehouses 290 Lodi Street, Hackensack, New Jersey 


Address 
City 
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B & W Associates built in a Sola regulated plate-filament power trans- 
former as an integral component in their portable lie-detection apparatus. 


Portable lie detector operates accurately with 
Sola-regulated plate and filament voltages 


This sensitive polygraph operates by picking up and 
immensely amplifying tiny electrodermal responses. It’s 
small wonder that line voltage variations encountered in 
field operation must be corrected if the responses of the 
witness are to be measured accurately. 


The lie detector’s built-in power supply transformer 
is a Sola Constant Voltage Plate-Filament Transformer 
which performs this dual function: (1) it supplies plate 
and filament voltages just as an ordinary power supply 
transformer would do; (2) it regulates these supply 
voltages within +3% even when the line voltage varies 
over a 100 to 130-volt range. 


Besides providing regulation which assures accurate 


polygraph operation, the Sola transformer protects 
tubes and components from cold inrush current and 
from fault currents. 


This simple, reliable component costs little more than 
ordinary, non-regulating transformers. And compared 
to other types of regulating circuitry used with conven- 
tional power transformers, it is considerably cheaper. 


The plate-filament regulator is only one of the com- 
plete family of Sola Constant Voltage Transformers 
including such special types as filament and adjustable- 
output units. More than 40 models are available from 
stock, and Sola manufactures custom-designed units in 
production quantities to meet special needs. 


For additional information write for Bulletin 6F-CVE 


Sola Electric Co., 4633 W. 16th St., Chicago 50, IIl., Bishop 2-1414 © Offices in principal cities @ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont. 


SOLA 


DIVISION OF 
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REGULATED DC POWER SUPPLIES 


BASIC 
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PRODUCTS CORPORATION 
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TOUGH STARTS MADE EASY... 


WAGNER 
REPULSION-START 
INDUCTION 
MOTORS 


START HEAVY LOADS WITH EASE 
GET MORE STARTING . 
plage eo STAND UP UNDER LONG SERVICE 
ee USE EXTREMELY LOW STARTING CURRENT 


Starting heavy loads is a natural for Wagner Type 
RA Motors. Widely used for high starting torque 
applications, like farm machinery, compressors, 
pumps and grinders, this rugged single phase motor 
requires very low starting current that minimizes 
light flicker. You get smooth performance with a 
constant high operating speed, even under overload, 
and a flat efficiency curve over a wide operating range. 


MOTOR STARTING CURRENTS 


You practically eliminate service problems when you 
power tough single phase applications with these 
motors. They have unmatched ability to start high 
inertia or heavy friction loads repeatedly and they 
give many years of unfailing service. 


%® OF FULL LOAD TORQUE 


You can get these motors from leading motor dis- 
tributors in your community or through Wagner 
Sales Offices in 32 principal cities. Your Wagner 
Sales Engineer will be glad to help you select the 
right motor for your application. Wagner Bulletin 
MU-220 gives full details on Repulsion-Start- 
Induction Motors. 


ONE HP, 1750 RPM, 60 CYCLES, 230 VOLTS 


Wagner Electric Corporation 


6454 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI 


SERVING 2 GREAT GROWTH INDUSTRIES... ELECTRICAL...AUTOMOTIVE 
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We 
CLE 


\s ’ ( ) Electro 


Control Unit, Cable and 
Proximity Pickup 
Patents pending. 


Mad 3 
Solve your metal control problems 
with this low cost proximity pickup ila: 


Compare these advantages over other proximity devices 


¢ Detects ferrous and non-ferrous metals « Sensitive unaffected 


to tin foil e Control Unit can be located 50 feet or more 

from pickup * Replacement cost only $13.50 « Pickups 

sealed against water and oil « Meets JIC requirerents. by tele iY 

Variety of models for detecting metal objects at clear- 

ances over six inches; also Hollow Coil Pickups for 

detecting and counting small metal parts. eye a ats 
Control Unit contains relay output for direct opera- 

tion of motor controls, solenoids and electric counters. 


Sd 
Write or Phone for Bulletin and Name of Nearest Field Engineer ive Tks 


ELECTRO PRODUCTS LABORATORIES 
4501-M Ravenswood, Chicago 40, Ill, LOngbeach 1-1707 
Ceneda: Atlas Radio Ltd., Toronto 


obligation 


ot at stake? 


designed to your 
control needs. 


vo, sn one Hoven 01 


i 


| <= 
/ ) f 
| | | | | f 
P } i) 
J i) 


mercury relays 


and controls 


SEND FOR FREE 
CATALOG J- 8206 


Adams & Westlake 
Elkhart, Indiana 
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Laboratory 


Engineering 
Equipment 


TRANSISTOR POWER 
SUPPLY 


All-transistor 0 to 32 volt d-c power 
supply with range of 0-1 amp is being 


* 


produced with meter (Model LT 
1095M) or without meter (LT 1095). 
The l-amp model is convection cooled 
with no moving parts or internal 
blowers. Lambda Electronics Corp., Col- 
lege Point, N. Y. >599 


VIBRATING CONDENSER 
ELECTROMETER 


Instrument made by Electronic Instru- 
ments Ltd. measures small d-c voltages 
and currents derived from high-resis- 
tance source. It neither generates nor 
absorbs any current from component 
under test. Model 33B detects currents 


worn wien 
as small as 10°° amp and measures 
resistances to 10'° ohms. Input ranges, 
10, 30, 100, 300 and 1000 mv. Basic 
accuracy varies from +0.3 per cent on 
the 1000-mv range to +2 per cent on 
the 10-mv range. D-C output, 1 ma full 
scale on all ranges. Stability within 
+100 uv over 12 hr. Herman H. Sticht 
Company, Inc., 27 Park Pl., New York, 
Ns ms ->600 


TEFLON WIRE MARKER 

Marking machine first presses foil on 
Teflon-insulated wire or cable at safe 
temperature; marking ingredients are 
next sintered by higher temperature; 


FLECTRICAL MANUFACTURING 





Metallurgical Memo from General Electric 


f 


' 
} 


The G-E Thyrite varistor assemblies illustrated are rated 
from 6 to 10,000 volts. In addition to protecting highly induc 


tive coils, Thyrite is used with rectifiers, diodes, and equip- 
ment operated in conjunction with high-speed switches. 


‘ Prevent this inductive surge voltage 
with a Thyrite. Varistor Assembly 


When an inductive circuit is suddenly opened, this is 
what happens: a heavy overvoltage is induced, and if no 
protection is provided, the insulation of the equipment 
is in danger of breaking down. 


This equipment can be protected in several ways. 
Linear resistors eould be used, but they consume exces- 
sive power. Or a discharge resistor might be used inter- 
mittently when interruptions occur, but this requires 
additional expensive circuitry. A more effective method 
of protection is to use General Electric Thyrite varistors. 


Protection with General Electric Thyrite Varistors. Thyrite 
is a unique non-linear resistance material that reduces 
surge voltages and arcing to safe limits by offer- 
ing low resistance at peak current. As current decays, 
Thyrite immediately offers higher resistance, reducing 
current drain to a minimal amount. 


General Electric Thyrite varistors are particularly 
suited to protect highly inductive coils such as chokes, 
reactors, D-C motor fields and transformers. 


pw 


New Medium Voltage Units. New 3-inch diameter medium 
voltage assemblies, two of which are shown above, are 
engineered for 1 kv to 10 kv systems. They are part of 
a complete line of Thyrite rods, discs and assemblies 
available for components rated from 6 to 10,000 volts. 


For more technical information on Thyrite varistors 
and assemblies — or for the assistance of a G-E engineer 
—call or write: Magnetic Materials Section, General 


Electric Company, 7804 N. Neff Ave., Edmore, Mich. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES e MAN-MADE DIAMONDS @ MAGNETIC MATERIALS @ THERMISTORS @ THYRITE® @ VACUUM-MELTED ALLOYS 
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SIMPLE DESIGN 
HIGH RELIABILITY 
...and PRICE-RIGHT 


Style 520 


GENERAL 
PURPOSE 
RELAY 


} HERMETICALLY SEALED 
MINIATURE -6 PDT 


Simplicity of a and perfect performance make 
the Btyle 520 an ideal, low cost, high reliability relay 
for general purpose and low level circuit use. 


Produced in pressurized, dust-free rooms to prevent 
contamination, the 520 is quality-controlled from 
order through production. 


Meets the following specifications and drawing: 


MIL-R-5757C 

MIL-R-25018 (USAF) 

MS24115-6 (USAF) Class B; 
Type il, Grade 3 


stepped-u 

production an 
service solve your 
relay problems. 


GENERAL CHARACTERISTICS 
For 26.8 VOLT OPERATION 


CONTACT ARRANGEMENT Six Pole Double-Throw 
(6 Form C) 
COIL RESISTANCE (Nominal) 240 Ohms (at 25° C) 
MINIMUM CONTACT PRESSURE ...25 Grams on N.C. Contacts 
35 Grams on N.O. Contacts 
0.010” 
10 Milliseconds maximum at 
26.5 Volts, 25° C. 
7 Milliseconds maximum at 
26.5 Volts, 25° C. 
AMBIENT TEMPERATURE RANGE —65° C. to plus 125° C. 
VIBRATION 15 G to 2,000 c.p.s.—no 
contact chatter, 20 G if 
specified. 
SHOCK .cccccccccccccccccccecscccs OU G, 11 Milliseconds—no 
contact chatter. 


PRICE ELECTRIC CORPORATION 


Frederick, Maryland MOnument 3-5141 Abeta rR 
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and hot wire is quench-cooled by com- 
pressed air jet. Electric oven for heat- 
setting Teflon marking is readily ad- 
justed for solid wires 0.05 to 0.125 in. 
OD or braided sizes 0.07 to 0.125 in. 
OD. Kingsley Machine Co., Hollywood, 
Calif. ->601 


| COIL WINDER 


Automatic-transfer coil-winding ma- 


| chine will produce complete bobbin or 


single-layer coils without operator at- 
tention when equipped with a hopper 
or magazine feed for the coil forms and 


appropriate attachments. It provides 


| stations for various finishing opera- 


tions; primary and secondary windings 
may be wound at different points on the 
same turret; tapped coils may be pro- 
duced or a variety of finishing opera- 


| tions performed on two different wind- 


ings when two heads are supplied. 
Wire spacing and turns per layer de- 


| termined by accessible change gears. 


Coil length adjustable. Number of 
layers and number of turns in coil se- 
lected by rotary switch coupled to 
counter. 


Winding speeds of Model CK as 


| high as 6000 rpm. Max coil length, 


1% in.; max coil diam 2 in. Coil 
Winding Equipment Co. Oyster Bay, 


| N. Y. >602 


| OSCILLOSCOPE KIT 


Five-inch d-c oscilloscope features iden- 
tical d-c coupled vertical and horizontal 


ELECTRICAL MANUFACTURING 





When buying aluminum 


for your product... 


Typewriters 


Bs con 


ed 


Dictation equipment 


ae pays to check with 
ANACONDA ALUMINUM 


Lamp bases 


That’s because Anaconda Aluminum combines the two features labeled “‘most wanted” by 
aluminum buyers in selecting a source of supply. 

First: Anaconda Aluminum craftsmen will custom-produce your order, constantly checking 
and double-checking it to be sure your specifications are met precisely. We produce a full range 
of aluminum in all forms — pig and ingot, coiled and flat sheet, rod, bar, structurals, tubular 
and other extruded shapes. 

Second: You'll like the way Anaconda Aluminum’s flexible operations will schedule your order 
fast, and ship it on time. This flexibility is designed into Anaconda Aluminum’s new facilities for 
this one reason—to give you the service you want! 

Talk over your next aluminum order with your local Anaconda 
Aluminum representative ...or write our General Offices, Dept. E-6, 

Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 


ANACONDA ALUMINUM COMPANY «© GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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amplifiers, flat-face crt and edge-lighted 
graticule, transformer-operated power 
supply with silicon diodes in full-wave 
doubler circuit, and voltage regulation. 
Bandwidth, d-c to 200 kc; sensitivity, 
0.1 volt peak-to-peak CM (uncali- 
brated) ; normal frequency coverage, 5 
cps to 50 ke in four ranges. Heath Co., 
Sub of Daystrom, Inc., Benton Harbor, 
Mich. > 603 


CONTINUOUS INTEGRATION 
CHART RECORDER 


Electronic strip-chart recorder meas- 
ures, records and continuously totalizes 
any linear variable with respect to 
time. It can be used to measure flow, 
continuous weighing systems, and vary- 


TEAL ELE 


ing current. Reads out integration 
quantitatively on six-digit electric 
counter at rates to 1000 counts per min, 
or records qualitative or analog equiva- 
lent on chart. Readout adaptable to 
digital or data-handling systems in 
special applications. Accuracy of in- 
tegrator, equipped with stroboscope for 
calibrating, is +0.5 per cent; combined 
accuracy, +1 per cent or better. Min- 
neapolis-Honeywell Regulator Co., 
Brown Instruments Div., Philadelphia 


44, Pa. > 604 


DIGITAL OHMMETER 


Ohmmeter system with automatic print- 
out consists of five-digit switch module, 


universal power module and electric 


VOLT-AMMETER 


Portable d-c meter, with 49 possible 
ranges, uses precision shunts and series 
resistances in plastic clamp-on cases. 
Features: accuracy better than 0.5 per 


typewriter control module. Accuracy of 

the 5-digit Model DOA 502 instrument is 

0.01 per cent +2 digits through range cent on all 
of 0.01 ohms to 10 megohms. Ranging, 
automatic; readout time, 1.5 sec. Electro 
Instruments, Inc., 3540 Aero Court, San 
Diego 11, Calif. —>605 


scale divisions at 25 C 
ambient; spring shock-mounted move- 
ment; scale length, 6.1 in. National 
Electronics, Sheridan, Wvo. —>606 
(Continued on page 292) 


miniature 
electro-magnet 
ITT 


BRAK 


Style “SC” — Size No. 2 


Sa 


‘PRICED 

$% to 27% 
elow Carbons SHOWN 
ACTUAL 


aopace your carbon resistors with Hamilton- 
Hall’s new 2 watt wire wound resistors, and 
save 5% to 27% on the actual cost price. 


@ Tolerance: +5%, 10% or 20% 
© Range of Resistance: .270 ohms thru 4700 ohms 
@ Dimensions: 5/16”x 5/16”x 7/8" 


Check these 8 important advantages: 

* Much greater stability than carbons ¢ No “drifting” during shelf life 

© 12" axial leads for easy assembling ¢ Convenient rectangular shape 

¢ All marking in indelible high 
temperature ink 


* Actual resistance, tolerance and watts 
clearly marked 

© Built to take reasonable overloads ¢ High resistance to humidity 

HAMILTON-HALL FEATURES WIRE WOUND RESISTORS FROM 2 WATTS TO 20 WATTS 


eT on nal senses coke: 
yy NY 


i am very much interested in the following wire wound 


resistors for engineering approval tests. Please send al] 


SAMPLES 


Max. Torque Rating—25 oz.-in. Weight—8.64 oz. 
Voltage Rating — 28VDC (4.9 Watts) 

For Superior Performance . Specify Stearns! 

For complete miniature data request 

Bulletin No. 504-E 

Siiabns. ELECTRIC CORPORATION 

120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 


OHMS % TOLERANCE WATTS 


Name vg, . 
Company 
Address 


City 
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What's “special” 
about these 
standard 


a3KF bearings? 


a 
j 


ES 


, a Thad 


— | 


} 
' le 


re ba rr Tapered 
Bane Roller Bearing 


They all have exclusive features. Where else, 
for example, can you get the 334% higher 
oe available in standard 0S 
spherical roller bearings? 


*Or, take the cylindrical roller bearing. This type 
provides high radial capacity and minimum 

shaft friction. Controlled shaft end float within 
the bearing is a natural advantage of this design. 


Yet this is So¢F’s standard cylindrical roller 
bearing, promptly available in 154 sizes-ranging 
from just under 1” to 6” (bore). In the 

double row it’s 1” to 9.5”, 

Why not get the complete facts on these 
“special” but standard (and economical) 
bearings? For details, call any of the 25 Sis 
sales offices today. 5923 


EVERY TYPE-EVERY USE 


okKF. 


SKF INDUSTRIES. INC.. PHILADELPHIA 32. PA 


eeerveeeneseeene 


@ereeeeeereere 


* REG. U.S. PAT. OFF. 
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PRECISION 


TEFLON’ 


SCREW 
\ACHINED PARTS 


for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from #00 to 3” 
diameter. This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 


A eat] you Ail of 43 LON Pe TT aLe HALOGEN 


PAGHETT! and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from #6 thru #28, ; 

natural color, in STOCK for IMMEDIATE SHIPMENT. , 


Other sizes and NEMA colors available on order. 


Write for Bulletin T-2001. 


Y 
HALOGE 


INSULATOR & SEAL CORP. 
9960 Pacific Avenue 
Gladstone 5-9000 


6 


‘ Engineers and manufacturers of products of TEFLON 
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Franklin Park, 11. | 


OLLES: | be oie coe Ee’ 


ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


CONTACTS in Silver, Gold, Platinum, 
Paladium and their alloys 


for your specific design problems 


"Ree 


LAMINATED AND INLAID METALS 
it FOR ELECTRICAL MANUFA 


318 Washington Street, Mt. 
Circle 294 on page 17 
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Vernon, N. Y. 





AGASTAT 


for every time/delay/relay application 


Here’s what you get with every Agastat time /delay/relay 
e Easy adjustment 
Repeatable accuracy 
Instantaneous recycling 
Unaffected by voltage variations 
Low power consumption 
GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 
to Dept. A35-621. 
AGA ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
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Some Ideas 


A year of relentless testing has produced 
a small library of interesting facts about 
HERCULENE (T.M.) Drafting Film. 
What follows is a consensus of drafting- 
room experience with HERCULENE—by 
K&E and its customers—with some up-to- 
date recommendations for using it. Take 
the matter of... 


Shiny Back vs. Pencil Back 


A basic question is: do you need a double- 
surfaced drafting film? We make HERCU- 
LENE Drafting Film both ways, of course 
—with a single surface (shiny back) and 
double surface (pencil back). It’s our rec- 
ommendation that you use pencil back 
HERCULENE only if it’s your practice 
to make basic drawings on one side, 
changes on the other. For most other uses, 
shiny back is preferable. (At first, the 
double-surface film was chosen by many 
drafting rooms because it lay flatter on the 
board than shiny back. This is no longer 
true. K&E research labs have come up 
with a fully effective anti-curl treatment. ) 
Especially in filing, shiny back HERCU- 
LENE presents fewer problems. The clean 
non-abrasive back won’t smudge the face 
of the sheet underneath, even in a heavy 
stack of tracings. If you’d like to compare 
a few sheets, please let us know. 


i 


Note sharp clear lines made by Duralar pencil 
on HERCULENE Drafting Film. 


Plastic Penciis and 
the HERCULENE Surface 


Not just a handy catch-phrase, when K&E 
puts its exclusive “engineered surface” on 
a drafting material, the result is an exact, 
uniform tooth for sharp pencil drawing, 
inking and typing. With HERCULENE 
Drafting Film, however, an entirely new 
type of plastic (non-graphite) pencil yields 
especially good results. Quite a few of our 
customers have reported favorably on the 
well-known Staedtler “Duralar” brand. 
Duralar pencils come in five hardnesses, 
are non-smudging and have generally good 
covering power, sharpness and erasabil- 
ity. After about 20 prints, the Duralar lines 
show up consistently better than those 
made by a regular pencil, since graphite 
lines tend to lose density. 
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CS ee 


for your file of practical information on drafting 
and reproduction from 


L_—_——~—— —~—~— KEUFFEL & ESSER CO. 


Wet That Eraser! 


The erasing qualities of HERCULENE 
Drafting Film are excellent, but (as with 
the pencils) we’ve discovered it’s a new 
type of vinyl eraser that gives the best 
results. Examples of these non-rubber type 
erasers are the Richard Best “TAD” and 
the Eberhard Faber “RACE KLEEN” — 
both available from your K&E dealer. 
With vinyl erasers, pencil lines whisk off. 
Even stubborn ink and typing can be re- 
moved easily, with no damage to the sur- 
face. Here’s a tip on how to do this: 


Moisten the eraser slightly. It becomes no 
more abrasive, but a lot more “erasive.” 
Moistening is a must when removing Du- 
ralar lines or typing after exposure to heat. 
(Incidentally, don’t use electric erasing 
machines, steel erasers or typewriter eras- 
ers.) When erasing large areas, certain 
chemical eradicators work fine too. Our 
suggestion: use Vythene or a very light 
application of a denatured alcohol such 
as Solox, both of which can be applied 
with a cotton swab or clean cloth, 


The Cleaner the Better 
HERCULENE Drafting Film was de- 
signed for ink work, and its ink take is 
unexcelled. But like all films, its non-ab- 
sorbency makes a few preparations ad- 
visable. The surface should be cleaned 
thoroughly before inking. Quickest and 
most effective way to do this is with the 
ABC Draftsman’s Dry-Clean pad, which 
will remove finger marks and “traffic film” 
simply by rubbing the pad over the sur- 
face. Pouncing will also work well. A 
damp cloth is all right for general clean- 
ing, but does not do the best job of pre- 
paring the surface for ink. 


like samples too. 
Name & Title 


Company & Address 


Inking over graphite pencil lines comes 
out best when done over light lines, drawn 
with a harder grade of pencil. A good way 
to remove excess graphite is to go over the 
drawing with an ABC pad. Inks vary in 
their usefulness on HERCULENE. We've 
tested several, and you're welcome to these 
results as well, on request. 


After Typing, Please Pounce 
Typed impressions on HERCULENE 
Drafting Film are crisp and sharp, but 
may take a while to dry because the film's 
surface doesn’t “swallow” ink readily. A 
light pouncing right after typing will dry 
the ink and fix the lines — giving you uni- 
form permanent contrast. 


A new typewriter ribbon will produce the 
best impressions. At K&E we've tested a 
healthy variety of ribbons and we'd be 
pleased to send you the results on request. 


Outstanding Advantages 
Proved in Tests 


We’re pleasantly amazed at the short time 
it took for HERCULENE Drafting Film 
to become an accepted “staple” — along 
with ALBANENE® Tracing Paper and 
PHOENIX® Tracing Cloth. Actually, it’s 
a rare drafting room by now that has not 
tested HERCULENE during its first year 
on the market. The findings: All proper- 
ties considered, HERCULENE stands up 
better than any other drafting film. It has 
great resistance to heat, aging and abuse. 
Its exclusive “engineered surface” plus its 
tough, durable Mylar® base provide supe- 
rior pencil and ink take, fine erasability, 
remarkable dimensional stability...a com- 
bination we're proud to call unbeatable! 


The K&E dealer near you has HERCU- 
LENE now. Stop in and see him. 


KEUFFEL & ESSER CO., Dept. «~-0, Hoboken, N. J. 


Please send further information about HERCULENE Drafting Film. I'd 
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Seemed PLAS TICS IN ELEcrRICAL DESIGN 


} P 
Plastic Keys Conduct Orchestra of Light 


The Lumitron Lighting Control System permits one oper- 
ator to play infinite variations in stage-lighting effects 
using handles and slide bars molded of BEETLE® urea 
lastic. BEETLE, an excellent dielectric, requires no insu- 
ation. Molded-in colors are permanent, permit quick 
circuit identification for console operator. Developed 
by Metropolitan Electric Manufacturing Company, 
the Lumitron has an excellent record of dependable 
performance. 


in Canada: Cyanamid of Canada Limited, Montreal and Toronto 


An Ounce of Protection 


KLIXON precision aircraft circuit breakers 
have to be light; yet even the smallest, 
weighing about 1% ounces, can safely 
interrupt a 120-volt ac, 400-cycle circuit 
delivering over 4000 amperes. To provide 
the high arc resistance and great physical 
strength required, Spencer Thermostat 
Div., Metals and Controls Corp., uses 
glass-filled CYMEL® melamine plastic hous- 
ings. These non-corrosive housings are 
excellent insulators and stand up to 
impact, humidity, dust, temperature ex- 
tremes and fire. 


New Low-Cost Electrical Outlet System 


Made of ivory-colored BEETLE urea molding compound, 
new interlocking foot-long units provide low-cost, easily 
installed electrical outlet extensions. BEETLE combines 
good mechanical and dielectric properties for safe, de- 
pendable service, meeting ASTM Specifications D705-49, 
Grade I. Made by Cable Electric Products, Inc., this 
new Snapit Inter-Link System is fully approved by 
Underwriters Laboratories, Inc. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
33D Rockefeller Plaza, New York 20, New York 


Offices in: Boston * Charlotte * Chicago * Cincinnati * Cleveland * Dallas * Detroit * Los Angeles * Minneapolis * New York * Oakland ¢ Philadelphia ¢ St. Louis * Seattle 
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The 


¢Panelbuilder 


News for and about Panelbuilders 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 


NEW SIZE 4 STARTERS AND CONTACTORS 
ARE EASIER TO INSTALL, LAST LONGER 


CUTLER-HAMMER 
SAFETY INTERLOCKS DISCONNECT 
PANEL POWER WHEN CONTROL 
CABINET DOORS OPEN 


A new control cabinet safety inter- 
lock is now available which auto- 
matically cuts off the control 
circuits when the service door is 
opened. Simple to install, the Cutler- 
Hammer Cabinet Door Safety In- 
terlock enables maintenance per- 
sonnel to inspect or repair operating 
equipment in safety. If desirable, 
the maintenance man can restore 
power when the door is in the open 
position by pulling the operating 
rod to the test position. The oper- 
ating rod automatically returns to 
normal operation when the door is 
closed 


New Literature 


The C-H Cabinet Door Safety In- 
terlock is available with either the 
single or double contact block oper- 
ator. New literature on this and 
other Precision Limit Switch units 
is now available. Write today for 
Pub. EA154-M231. Cutler-Hammer 
Inc., Milwaukee 1, Wisconsin. 


PANEL BUILDERS HANDBOOK SIMPLIFIES SELECTION OF ELECTRICAL COMPONENTS 


This handy 82 page reference guide 
is specifically edited to assist design 
engineers and control panelbuilders 
in the selection of electrical control 
components and control accessories. 
Every effort was made to make this 
book as concise as possible, and yet 
it includes such vital information as 
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To meet the demand for a large 
horsepower motor starter with 
‘Size 1’’ life and dependability, 
Cutler-Hammer developed a new 
family of NEMA Size 4 across-the- 
line starters and contactors rated 
50 Hp @ 220 volts, 100 Hp @ 440/ 
550 volts maximum polyphase. 
Much of the improved performance 
and increased life of the new Cutler- 
Hammer Size 4 Starters and Con- 
tactors stem from the unique double 
break, parallel-contact design. This 
design provides multiple points of 
contact making it virtually impos- 
sible for ‘‘contact-bounce’”’ to open 
all current paths simultaneously. 
Contact arcing is thereby mini- 
mized resulting in vastly improved 
electrical life. Further, the double 
break, parallel-contact structure 
permits the use of low mass move- 
able contact members resulting in 
reduced impact wear on the con- 
tacts and contact linkage. Repeated 
tests prove this new design provides 


wiring diagrams, dimension draw- 
ings, ratings, ordering information, 
and a maintained price list. Address 
your request for your personal copy 
of Bul. EE120-M231, on your com- 
pany letterhead. Cutler-Hammer 
Inc., Milwaukee 1, Wisconsin. 
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substantially longer mechanical life 
over conventional contact struc- 
tures. 


Simplified Installation 


A host of plus features make the 
new panel mounting C-H Size 4 
components easiest to install. New 
line and load lug type terminals use 
a retractable serrated pressure plate 
to positively secure the connections 
without risking wire damage. 
Flanged lug supports prevent their 
turning when tightening the ter- 
minal lugs. All terminals face for- 
ward for easy access. Straight- 
through wiring and permanently 
marked terminals minimize wiring 
errors. 


Direct Action Electrical interlocks 


The new C-H Size 4 Starters and 
Contactors will accommodate a 
maximum of four extra electrical 
interlocks. Easiest to install, the ex- 
ternally mounted interlock is held 
in place by two screws. The move- 
able contact guides of the interlock 
and contactor mate to form a rigid 
link between the two. . . no special 
adapters needed. 


New Literature 


Write today for the illustrated pub- 
lication giving full details of the 
new C-H Size 4 Starters and Con- 
tactors. Pub. EN-125-M231. Cutler- 
Hammer Inc., Milwaukee 1, Wisc. 
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Royal “CORDinating” can help 
you! When you take advantage of 
Royal stock molds, Royal special- 
design skills, and Royal engineer- 
ing know-how, you get a power 
supply cord that assembles easier, 
packs better, looks better, and 
performs better. See these six rea- 
sons why it pays to check your 
cord set needs with Royal: 


“CORDinated” 3-wire caps in 
stock or special designs . . . molded 
in rubber or vinyl directly to Royal 
quality cords...for 125V and 
250V services. 


“CORDinated” connectors . . . stock or special designs 
... molded to cords, 


EJ Your trademark molded into caps | 


. or connectors . . . for extra brand- 


~ 


name merchandising. 


Engineered cord constructions and cord lengths . . . in 
black or colors . . . with or without your brand-name 
surface marking. 


Gi “CORDinated” strain reliefs 
—_— molded in stock or special designs 
directly to cords . . . dimensions cus- 


tomized to fit the housing and meet 
necessary pull-test requirements. 


Gg ill “CORDinated” conductor ends, 


stripped, tinned, or with terminals 
“—) ... precisely finished for speedy 
assembly. 


Royal also offers “CORD inated” 3-to-2 wire grounding adapters 
in molded unbreakable vinyl... black, gray, or special colors; 
and famous Royal “POWR-KORD" heavy-duty extensions in 
10’, 25’, 50’, 100’ lengths . . . with surface printed brand identifi- 
cation on quantity orders. 


Write today — our representative will give you details 
ROYAL ELECTRIC CORPORATION 
Pawtucket, Rhode isiand 


| 
IN CALIFORNIA: ROYAL 
Electric Cords & Supply Corp. ferecteic/ Tf ; 


413 East 3rd St., Los Angeles 13, Cal.  Mabeieaean at 
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SHADED POLE MOTORS 


1/250 to 1/10 HP. Open, Fan-Cooled, Enclosed 


Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors use Grainger’s 
Supply Service. 40 different shaded pole motors stocked 
—open, fan-cooled, totally enclosed types—stud or rub- 
ber mounted—sleeve or ball bearing. Single speed, 
two-speed, reversible. 2.4, and 6 pole. 9 kinds of shaded 
pole blowers also stocked. Write for Bulletins 207 and 
705—they provide complete specifications. 


Write for Net-Price Wholesale Motor Catalog. 


63 WAREHOUSES—COAST-TO-COAST 


W.WLJRAINGER,INC. 


Dept. 74 118 S. Oakley Bivd., Chicago 12 
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DYKEM 
STEEL BLUE 


a 


8-oz. can fitted with 

ir alate ee Lal : Bakelite cap holding 
Templates 5 ——— _ od & 

nf ' ying right at bench; 

ee oolel surfaee ready for 

e layout in a few minutes. 

The dark blue background 

makes the scribed lines 

show up in relief, 

prevents metal glare. In- 

creases efficiency and 

accuracy. 


THE DYKEM COMPANY 
2303F North 11th St. © St. Louis 6, Me. 





ELECTRONIC ENGINEER 


Manufacturer of automatic temperature controls located in 
northwest suburb of Chicago is seeking a young man age 30 to 
40, with college degree in Electronics or Electrical Engineering 
ples 3 to 4 years experience in design and development in the 
electronic field, with special emphasis on control systems or 
servo-mechanisms. 


Exceptional opportunity for one desiring association with an 
electronic development pecoram now in its infant stage. This is 
an AAA-1 company with modern facilities and complete employee 
benefits. 


Give full information concerning education, experience, personal 
data and salary. All information given will be kept confidential 
and no employers contacted without permission. 

Write To: R. G. Steckel 


The Powers Regulator Company 
3400 Oakton Street Skokie, Illinois 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


REDSTONE Div THIOKOL CHEMICAL CORP 


It's warm in there 


That's the exhaust pattern of a_ solid- 
propellant rocket motor. Temperature in- 
side sometimes hits 6000°F. 

At the nozzle, fuel-burning releases its 
full fury. To keep the bird’s metal skin 
from buckling under the combined heat 
and stress, rocket engineers line many noz- 
zles with a_ glass-reinforced phenolic, 
Durez 16771. During flight this plastic 
liner chars—at a predictable rate. It pro- 
tects the metal nozzle wall from thermal 
failure. 

Equally dramatic, if less spectacular, 
are the design improvements that 1/677] 
is making possible because of its impact 
strength (up to 15 ft.-lb.Jin. Izod) and 
other properties. One manufacturer molds 
it into a rugged pump base that won't cor- 
rode and that outwears many metals. The 
U. S. Signal Corps puts its strength to work 
in boxes that protect the parachutes on 
droppable radios. Automotive engineers 
save two-thirds of the cost of automotive 
oil-pump gears by replacing metal with 
16771—and get gears that run almost three 
times as long as before. 


New bulletin: To help you evaluate Durez 
16771, we'll be glad to send you Bulletin 
D203. It gives a good idea of the proper- 
ties you can expect, discusses current ap- 
plications, and includes helpful advice on 
molding, machining, and finishing. If you'd 
like a copy, just check the coupon. 
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® Phenolic for a rocket motor 


® Heat-stable, moisture-stable insulation 


e Compounds for dip coating 


Insulation at close range 


The push for good, compact insulating 
materials grows stronger. More electronic 
engineers are cramming more perform- 
ance into fewer cubic inches than ever be- 
fore. Under these conditions, cost of an 
insulator means litthe—-when a pound of 
the right one will make smaller compo- 
nents, and perhaps twice as many of them. 

Such a material is Durez 16694 diallyl 
phthalate molding compound. We believe 
it to be the cream of the current plastics 
crop for molding components and larger 
parts in which circuits must function with 
sterling reliability despite heat, moisture, 
electrical and mechanical stress, and nar- 
row working quarters. 

This orlon-filled compound molds well, 
is not brittle, machines easily with little 
wear on tools. Its molding characteristics 
are unvarying from shipment to shipment. 

It produces pieces that have very high 
arc resistance, consistently reproducible. 
It retains dimensional stability and high 
insulation values over extended periods at 
relative humidities above 90%. It does not 
corrode metal contacts and is virtually 
free from cold flow and creep. 

Durez Bulletin D400 lists the proper- 
ties of this compound and other electrical- 
grade materials. The data sheet on Durez 
16694 diallyl phthalate goes into detail on 
electrical test results. To get both pieces, 
check the coupon. 


Helping resistors resist . 
Problem: Find a coating material that 
keeps tiny components like these protected 
against humidity—and won't peel back 
under the heat of a soldering gun. 


Solution: A dip-coating compound based 
on Durez phenolic resins. 

This thermosetting compound goes on 
smoothly without running or sagging. It’s 
just porous enough to take a protective 
wax sealing coat. It cures hard, to allow 
stamping or color coding. It doesn’t mi- 
grate or peel back during soldering. 

Durez research men worked closely 
with electronic engineers for more. than 
seven years to develop compounds like 
this. Improved each year, Durez dip-coat- 
ing compounds are the most widely used 
of their type. A check-mark-onthe coupon 
will bring you specifics about them. 


For more information on Durez materials mentioned above, check here: 
(] Durez 16771, impact phenolic ( Bulletin D203 ) 
[) Durez 16694, diallyl phthalate (Bulletin D400 and data sheet ) 


{_) Phenolic resin compounds for dip coating 


{]} “Durez Plastics News,” mailed periodically, shows and describes 


latest uses of Durez materials. 


Clip and mail to us with your name, title, company address. (When reqtiesting 


DUREZ p.iastics Division 


1306 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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Now you can pick the right handle 
design from Chassis -Trak 


If you want panel handles solely for 
pulling your equipment from its cab- 
inet, Chassis-Trak plain blank handles 
are just the ticket. But don’t forget that 
Chassis-Trak also offers eight other 
handle designs to meet any tilting, lock- 
ing and special installation needs. 

The complete Chassis-Trak line in- 
cludes handles with push button panel 
locks, trigger tilt controls plus posi- 
tive clamp-type models for installation 
where extreme shock and vibration are 
encountered. In short, there’s a Chassis- 
Trak handle design that fits the bill 
exactly no matter where or how your 
equipment is mounted. 

Chassis-Trak handles are die cast or 
sand cast of aluminum alloy. Chip re- 
sistant finish is aluminum slurry baked 
on over a clear lacquer-base sealer. Fin- 
ish has successfully passed salt spray 


(1,000 hours) and humidity (200 hours 
at 100%) tests. Offset design permits 
maximum use of panel space. All han- 
dies furnished complete with hardware 
and mounting instructions. 

All models can be finished to your 
specification. Get details from Chassis- 
Trak engineers. 


Chassis-Trak ‘’Detent’’ slide, shown in 
one of seven different tilting positions. 


For further information contact: 


525 South Webster, Indianapolis 19, Indiana 
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| BEAM-SWITCHING 
| TUBE TESTER 


| Tube tester is designed for checking 
all ten positions of beam-switching 
tubes both statically and dynamically. 


é 


Model 600 tester features internal reg- 


| ulated power supply for 110 volt a-c 
| operation, variable spade voltage con- 


trol and meter, target current meter, 
visual indication of beam _ position, 
manual or automatic cycling, beam 
form and clear switches, provisions for 
external monitoring of cathode current 
and grid bias. Burroughs Corp., Elec- 


| tronic Tube Div., Plainfield, N. J. 607 


D-C NULL DETECTOR 
Model 56A d-c null detector incor- 


| porates all the features necessary for 


rapid production testing of extremely 
close-tolerance components normally 
tested on d-c bridges. It has 8 ranges 
of sensitivity covering from 10 pvolts 


| to 100 volts full scale and a variable 
| sensitivity control makes it possible to 


relate any desired percentage tolerance 
to the limits marked on the panel 
meter. Input resistance 10 megohms. 
Model 56A may be used as a d-c ampli- 
fier with a gain of 100 db. The amplifier 
output is available at front-panel bind- 
ing posts. Two modes of operation are 
provided: in the hunt mode, 60 db of 
meter scale comparison virtually elimi- 
nates the need to switch sensitivity 
ranges; in the calibrate mode, the 
meter scale is linear over a range of 
—1.2 to 0 to +-1.2. Mode of operation 

(Continued on page 296) 
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For your toughest insulating 
problem, choose from the 


industry’s widest range— 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates, 
Other advantages: high bond strength of copper to laminate, 


oe) eye Xen oe — 


glass-base laminates 


Tefion*, silicone, epoxy, melamine, and phenolic glass- : 
HIGH-VOLTAGE (1800v.) RF ISOLATION is achieved by 


fabric laminates. Polyester glass-mat laminates. miniature C-D-F Dilecto gears in an aircraft receiver-trans- 


. P z mitter switch. They also had to exhibit dimensional stability 
You can improve design, speed production, and save money througha wide temperature range, resistance to fungus growth 


by specifying one of the many C-D-F Dilecto grades. oo 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 
ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and fabrication facilities to deliver production 
quantities of finished Dilecto parts to your specifications. 
See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 
your print or your problem! Write for your free copy of benefits of Dilecto laminated plastics. These silicone glass- 


. ° . base parts (coil mountings, aircraft terminal board) were 
C-D-F Technical Bulletin 64. sawed, drilled, punched, and milled in production quantities 
* 


PONT TRADEMARK FOR TETRAFLUOROETHYLENE RESIN by C-D-F and customer. 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Flexural Dissipation Dielectric Insulation 
Equivalent Strength Factor at Strength Resistance Arc Re- Maximum 
NEMA or Lengthwise 108" Parallel Cond. sistance Operating 
ASTM grade (PSI) Cond. A Step x step C€96/35/90 


0.0015 100,000 


0.002 100,000 


GB-28EFR 68,000 100,000 


(Flame-Retardant Epoxy) 


50,000 


(Melamine) 


GB-261D G-1 and G-2 


Phenolic) 


35,000 


These are typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 
purpose better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 
plastics products. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -Baretet- COMPANY + NEWARK 3, DELAWARE 
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Non-tracking and 
ARC-QUENCHING 


U.S. Pat. No. 2,768,264 


Hot-molded ROSITE, in 
the circuit breaker arc 
chute shown, reduced 
the number of parts 
from 25 pieces to two moldings. 
Capable of working closer to 
arcs, it provides adaptability 
to small-sized, heavy duty de- 
vices. Retains arc-quenching 
through millions of cycles. 
Glass reinforced, mineral filled. 


ROSITE enables you 


to combine many different 
properties in solving special 
electrical design problems. 


© ECONOMY 
© DIMENSIONAL STABILITY 
@ DETAIL WITH STRENGTH 


% Get the optimum combination of properties you 
desire, thanks to ROSITE’S many hot and cold- 
molded compounds. Size reduction, for instance, 
along with excellent arc-quenching and non-tracking 
characteristics. Heat resistance, metal inserts, ma- 
chinability and many other properties — plus excel- 
lent dielectric strength. 

There could be a very satisfactory ROSITE an- 
swer to your problem. Contact us for details. 

SEND FOR NEW BULLETIN 


eel ih 


2405 So. Concord Road, Lafayette, Indiana, SHerwood 2-8471 
Electro Porcelain, Ltd., Waterloo, Ontario, Canada 


Non-tracking 
Arc-Quenching 
Dimensionally Stable 


HIGH TEMPERATURES 
Organic or inorganic 


Complex shapes, close 

tolerances, dimensional 

stability, high physical 

strength, heat resistance 

—all these and many 

more advantages are 

yours with cold-molded 

ROSITE. Ideal for rheostat parts, overload relay bases, 

range and heater terminals, resistor cores, grid 

spacers, electrode holders and many other parts. 
Look to ROSITE for the molding of the right mate- 

rial for your needs. 
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BRUSH HOLDERS 


High impact strength is only one of 
the advantages you get with Phoenix 
“Pemester” Brush Holders. . . They 
are molded to close tolerances, and 
hold dimensional stability up to 
400°F...Whether your products get 
abuse from overloads or impact 
jolts—they stand a better chance 
to survive with “Pemester” 
Brush Holders. 
“Pemester” is available only from 
; Phoenix, in addition to brush 
holders and caps in all standard 
body materials. Complete data on all 
Phoenix Customized-Standard Brush 
Holders in Catalog 57-L. 


‘RAE Es ITER RIGS 
PHOENIX ELECTRIC MANUFACTURING CO. 


3625 N. Halsted Street Chicago 13, Illinois 
Circle 307 on page 17 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


éieieaicnineeeie KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 
Circle 308 on page 17 


Reader Inquiry Service 
Postcard return cards are provided on page 17 as a con- 
venience to the reader in obtaining— 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Design Engineer 
A copy of any manufacturer’s publication reviewed. 


Feature Article Reprints 
Single copies of selected feature articles. 


Advertised Products 
More information on any product or service described. 
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When you must have recording range out to 150 
cps... immediately visible, permanent traces in 
rectangular coordinates... a large number of chan- 
nels in the limited space of a mobile van or control 
room... and the flexibility of a variety of econom- 
ical preamps —a Sanborn 850 system is the one most 
practical answer to all these requirements. In air- 
craft and missile telemetering facilities, computer 
installations, test stand work and similar multi- 
channel recording applications, the “‘850’’ is proving 
its unique adaptability and practicality. 

_ You can unplug and change ‘‘850’’ preamplifiers 
in seconds to record a wide range of variables. Select 


THE ONLY 
G6- or 8S-CHANNEL 
DIRECT 


THAT OFFERS YOU 


Response to 150 cps 
---0.5% LINEARITY 


Wide choice of 
ECONOMICAL PREAMPS 


INKLESS traces 
-RECTANGULAR coordinates 


24," panel space 


Your local Sanborn Sales-Engineering repre- 
sentative can give you the complete ‘'850"’ 
facts and specifications. Contact him now. 


SANBORN 
SQ" COMPANY 


Industrial Division 
175 Wyman Street Waltham 54, Mass. 


JUNE 1959 


by pushbutton any of nine electrically-controlled 
chart speeds from 0.25 mm to 100/sec. Observe and 
make notes on the convenient 8” vertical chart dis- 
play. Reload charts quickly and easily from the 
front. Every operating feature you want is backed 
up by the performance specifications you need — for 
the greatest possible recordings usefulness. 

DC Coupling and Phase Sensitive Demodulator 
preamplifiers are now available. Carrier and Basic 
Chopper preamplifiers are now being prepared for 
production. A rack-mounted Master Oscillator Power 
Amplifier (MOPA) to supply Carrier and Chopper 
excitation is also in preparation. 


WRITER 


jecnes) 


SANBORN 


850 


SERIES 
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4 A’x 4" FIRERODS 
230 V., 2000 W. EACH 


THIS STEEL DIE PROVES 
FIREROD'S HIGH WATTS DENSITY 


5 times more heat than any standard cartridge heater 


This 4” x 6” x 2” steel die can be heated to 500°F. in two 
minutes with four 2” x 4” Firerod units, wired in parellel 
and rated at 370 w/sq. in. A standard unit would be rated 
at about 120 w/sq. in. for the same application. 


The Secret is in the Manufacture. 

This high watts density, along with high temperature potential 

and longer life, is the result of a special manufacturing tech- 

nique that permits minimum tolerances between resistance wire 

and unit sheath—to permit rapid, highly efficient heat transfer. 

Electric Heating Units: Cartridge + Immersion «+ Strip 
¢ Tubular « Cylindrical 


WRITE for illustrated literature 


~- WATLOW 


ELECTRIC MANUFACTURING CO. 


1362 Ferguson Avenue St. Louis 14, Mo. 
Circle 310 on page 17 


TOROIDS 


PRECISION RELIABILITY QUALITY 
APPLICATIONS no 


1. Close Inductance Tolerances 
2. Linear & Non-Linear Networks 
3. Magnetic Amplifiers 


ALL CORE GRADES 


Tape, Ferrite, Powder 


SPECIAL FEATURES 


1. Close Inductance Tolerances 
0.1%, 0.05% 


2. Maximum Q 
3. Matched Pairs 


key Stone 2505 


AX 
i ie ae ge 


a 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 
UNion 6-5400 
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may be selected by either a front panel 
switch or a foot switch. Boonton Elec- 
tronics Corp., 738 Speedwell Ave., 
Morris Plains, N. J. —>608 


VOLTAGE COMPARATOR 


Temperature - stabilized comparator 
measures drift of reference devices such 
as Zener diodes and voltage regulation 


of power supplies. Model RM-4A Reg- 
ulation Monitor readout is in per cent 
deviation. Max sensitivity, +0.1 per 
cent full scale; drift, under 0.005 per 
cent per day. Calibration Standards 
Co., 1079 Coronet Ave., Pasadena, 
Calif. ->609 


READOUT-RECORDER 
MONITOR 


Transistorized 2-channel servo monitor 
provides permanent chart records of 
angular or displacement data of a servo 
transmitter. Applications are: readout 
for analog computers, recording over 


d-c to 2 cps in research; servo record- 
ing, production testing, inspection and 
shipboard navigation. High-speed re- 
corder features zero time flyback; chart 
speeds of 5, 10, 20, 40 and 80 in. per 
hr; electric recording; and _ infinite 
scale expansion. Servo monitor has 
rotating styli coupled with 4-digit 
counter which adds and _ subtracts. 
Meets MIL-E 16400 specifications. 
Brush Instruments, Div. of Clevite 
Corp., 37th and Perkins Ave., Cleve- 
land 14, Ohio. >610 

(Continued on page 298) 
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Chicago Molded parts improve 


performance, cut costs 3 ways 


These molded nylon parts compose a unique Venturi valve unit used to 
regenerate the mineral bed of the Culligan Automatic Water Softener. Pre- 
vious valve bodies were brass. By switching to injection molded thermo- 
plastics, performance and durability were improved . . . material cost cut, 
machining and finishing eliminated. To function properly, exacting toler- 
ances were vital. And the valve’s 3%" diameter outlet had to be formed without 
parting lines—inside and out. Any irregularity would harm the Venturi sys- 
tem vacuum. We had the answer, and production capacity to mass produce 
the parts as specified. Your job may be smaller or very large . . . may require a 
different plastic . . . compression or transfer molding. Our forty years of 
custom molding know-how and a complete range of press facilities can come 
up with your right answer—can recommend the material and method of 
utmost value to you. Call or write... no obligation. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 
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TEST CHAMBER 


Self-contained 64 cu ft altitude test 
chamber for testing heavy units or com- 


ponents has low loading level of 29 in. 
above floor. Chamber provides tem- 
peratures from —100 to +-300 F, allti- 
tudes to 150,000 ft and relative humidi- 
ty from 20 to 95 per cent. American 
Research Corporation, Farmington, 
Conn. +611 


EQUIPMENT INSULATION 
TESTERS 


High-potential test sets with outputs 
up to 150 kv at 10 ma are for non- 
destructive proof testing during pro- 
duction, final inspection and preventive 
maintenance of motors, generators, 


a silicone resin sleeving 
so flexible you can get it 


in spools or coils! 


@ FLEXIBLE — may be manipulated at all tempera- 
tures, —70° to +500° F. without cracking or 


checking. Dielectric strength remains even when G 
sleeving is knotted. VAR LAS 
@ HIGH DIELECTRIC STRENGTH — up to 7000 SILICONE RESIN 


Volts, depending on grade. Certified to meet 500” 
government specification MIL-I-3190, latest re- 


vision. $ LE EVI N G 


@ RADIATION RESISTANT — retains nonconduc- 
tive properties under greater-than-average ran- 
dom intensities. transformers, bushings, cables and 


@ WIDE RANGE OF SIZES — .010” LD. to 3” switchgear. 


: . f inia- be c7 
I.D. Larger sizes possible. Estremety esotel where mini All controls of Series 5700 testers 
turization increases heat and 


@COLOR CODED — available in 12 brilliant, dielectric load on smaller wires, are located on waist-high panel. Other 
non-fading colors. Varglas Silicone Resin 500" is features are zero-reset high voltage in- 
only one of many sleevings terlock, overload breaker, and safety 


ail eo ; 
@ CHOICE OF LENGTHS or the first time, made by Varflex for this type screen between operator and high volt- 
eontinuous lengths up to 5000 feet available, thus of service. If you have a special : - : 
age output bushing. Test potentials 


eliminating waste. 36 inch lengths where pre- insulating problem, call on our “ ; : 
ae engineers for modifications of variable from zero to maximum. Asso- 


existing products, or for de- ciated Research, Inc., 3775 W. Belmont 
@ DEPENDABLE, FAST DELIVERY — Immediate velopmental work to meet Ave., Chicago 18, III. >612 


delivery on standard items from stock ... 48 stringent new requirements. 


hours for new production. 
@ Send for free test samples. LOW-FREQUENCY 
OSCILLATOR 


Three-phase oscillator 1305-A covers 
SALES Cco., INC. frequencies from 0.01 to 1000 cps in 
i : | 5 ranges. Output amplitude essentially 
‘Never Satisfied Until You Are” | 


constant over entire range. Three- 
phase, 4-phase and single-phase output; 


Manufacturers of Electrical Insulating Tubing and Sleeving 309 N. Jay St., Rome, N.Y. (Continued on page 302) 
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J&L COLD ROLLED SPRING STEELS... 


PRECISION INSIDE AND OUTSIDE 


INSIDE—Microstructure control through processing techniques 


developed by J&L offers important advantages. For example, 
improved stamping, forming and drawing qualities; uniform 
response to heat treatment; reduction of heat treating distortion. This product 
is available in various internal structures and is also available in all 
hardness ranges—dead soft, intermediate and spring tempers. 


OUTSIDE—Superior gauge accuracy of J&L precision spring steels made 
possible by specially developed rolling mill equipment and techniques, 
saves production dollars. For example, elimination of grinding for 

gauge accuracy; lower inspection costs; longer tool life; 

smoother surface finishes. 


Investigate the cost-saving possibilities offered by J&L cold rolled 
spring steels. Contact J&L Stainless and Strip Division, 
Youngstown 1, Ohio. 


WY Plants and Service Centers: 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
Los Angeles *« Kenilworth « (N. J.) * Indianapolis * Youngstown TEMPERED SPRING STEEL * ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
Circle"314 on page 17 





“KEPS" ® 
REGISTERED 
TRADEMARK 

OF ILLINOIS 
TOOL WORKS 


NATIONAL LOCK COMPANY 


FASTENER DIVISION ROCKFORD, ILLINOIS 


Circle 315 on page 17 


PORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 316 on page 17 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
8 coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 


Circle 317 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 


Circle 318 on page 17 
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VINYL 


For Missiles, Aircraft, Ground Control 


Resists abrasion 31 times better than neoprene! 
@ WAYS BETTER 


@ Excellent abrasion resistance. 31 
times better than neoprene by actual 
test. (Taber calibrade H:22 wheels.) 


© Lighter. Easier handling. Higher 
strength allows thinner walls. 


Wherever cable is subjected to rough treatment and extreme 
Climatic conditions, new Resinite EP-145 Vinyl Jacket will really 
take it! Exceeds all important specs of MIL-R-6855, Class Il, Grade 
60, synthetic rubber and MIL-I-3930A. Readily applied by standard 
pneumatic or chemical dilitant methods. 4” to 142” |.D. Black. 
Other sizes and colors on special order. Ask your Resinite distrib- 
utor or write for samples and performance data. 


Also available as a polyvinyl chloride COMPOUND, Borden 5410, 
for extruded jackets. Excellent extrusion characteristics. 


Hesinite 2” 


_ Resinite Department — The “Borden ie COMPANY 
Plants: North Andover, Mass. * Santa Barbara, Calif. 


© No deterioration from gasoline or 
oil. Exposure actually increases 
tensile strength. 


© Superior cold bend and impact 
properties —lower than —100°F. 


© Smooth, giossy surface does not 
rub off or smudge. 


© Fungus resistant. 


@ Flame proof. Outstanding self- 
extinguishing characteristics. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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GE SAVES 80% 


with GRC 
tiny mating 
parts 


NO MINIMUM SIZE! 
MAXIMUM SIZES: 


Exclusive Gries techniques actually improved 
design and performance by die-casting this 
zinc-alloy threaded shaft and _ injection-mold- 
ing the mating Nylon nut. Both units formerly 
were produced os screw machine parts, at 5 
times the present cost. A typical demonstration 
of GRC’s unique talent for doing big things 
with small parts . . . economically! 


Send today for illustrated bulletin 


GRIES REPRODUCER CORP. 
149 Beechwood Ave., New Rochelle, N.Y. © NEw Rochelle 3-8600 
Circle 320 on page 17 


Nylon 1%” long .03 oz. 
Zinc Alloy 134” long 2 oz. 


Quick deliveries on quantities 
of 100,000 to many millions 


World's foremost 
producer of 
@ small die castings 


Learn how you may 
solve more engineering problems 
with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well illustrated instructions for the use of all con- 
ventional slide-rule scales as well as the circular rule. 

Reprint copies of the complete article with prac- 
tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 178. 














“additional output is continuously vari- 


able in phase from 0 to 360 deg and 
can be used for phase-shift measure- 
ments. Six-phase rectifier used in out- 
put meter circuit. General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. 613 


VOLTAGE COMPARATOR 


Transistorized test module trips DPDT 
relay output when unknown signal input 
exceeds value of known reference input. 


Series 200 sensitivity, 5 mv a-c, 10 mv 
d-c; input impedance, 2 megohms min; 
power requirement, 115 volts, 400 
cycles, 1 watt with relay operating; 
output relay contact ratings, 2 amp at 
28 volts d-c. Trio Laboratories, Inc., 
Plainview, L. I., N. Y. >614 


SWEEP OSCILLATOR 


All-electronic oscillator capable of 
sweep widths of 1000 me in range of 
5 me to 1000 mc provides continuously 
variable center frequency and sweep 
width. Retrace blanking _ provided. 
Available with range to 4000 me. 
Magna-Sweep is used for frequency 
alignment for television, radar, or com- 
munications systems, wide-band spec- 
trum analysis or transistor alpha test. 
Kay Electric Co., 14 Maple Ave., Pine 
Brook, N. J. 615 
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SQUARE & RECTANGULAR 
MAGNET WIRE 


Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. Extremely close dimensional tolerances—no ‘‘space’’ problems, 
. Process-controlled copper—no shorted turns due to slivers. 


. Uniformly applied insulations—no ‘‘spacing'’—no wrinkles, 


2 
3 
4. Uniformly soft copper for windability and handling. 
5 


. Continuous lengths on each reel—no brazes—no faulty 
windings—no excess scrap. 


Other Magnet Wires— For Every Requirement 


105C (Class A), Vinyl Acetal-Nylon—NYLCLAD* 
130C-155C (Class B-F), Polyester-—BELDTHERM* 

105C (Class A), solderable Polyurethane—BELDSOL* 

105C (Class A), solderable Cellulose acetate—CELENAMEL* 
105C (Class A), oleoresinous, P. E.—BELDENAMEL* 


“Belden Trademark 
Reg. U. S. Pat. Off. 


One Wire Source for 
Everything Electrical and Electronic 


Gs WIL a cele oe 
ce SINCE 1902 


Ss CHICAGO 
YS 


Magnet Wire * Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 
Welding Cable * Automotive Wire and Cable 





HAGEN HAND SET 
time delay relay 


ONE eee enn 
' 


controls 
1 to 10 
circuits 


in sequence 


Foolproof on Repeat Settings 


No danger of over-timing when you repeat a 
process several times—each with the same tim- 
ing. Setting is always correct —on the first and 
all subsequent runs. 

A wide selection of snap-action switches is avail- 
able . . . as well as cam combinations, The 
Hagen Hand Set Time Delay Relay Model 73 
is the answer to controlling solenoid valves in 
an industrial process, starting a group of motors 


in sequence, for pump controls, and many other 
uses. 


Send for Bulletin 580 
Write Dept. EM-659 
Manufacturing Company, Inc. 


Moline, Ill. © Baraboo, Wis. 
Subsidiary of Eagle Signal Corporation 


HAGEN 


Circie 321 on page 17 
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Les eo 
OUR EXPENSE AND 
SEE WHY THERE'S 
MILLIONS IN USE! 


FOR GROUP WIRE 


ae > 


FOR SINGLE WIRE 
ov 
- J 
FOR FLAT 
TWIN LEAD-IN 


Send Samples of PLASTIC CLAMPS 
hci ectesthestineiianienichhainprenastienenn 
FIRM 
STREET 


city_ sais 
‘HOLUB INDUSTRIES, Inc. 


445 ELM STREET, SYCAMORE, ILLINOIS 


Circle 297 on page 17 


From Stock Molds oe 


20 TO 200 D.P. 


YOUR PRINTS FOR QUOTATION 


SPURS e HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 


er, 


yi, és We 


ROCKFORD, ILLINOIS 
Circle 322 on page 17 


1035 PARMELE ST. 





PLASTIC MOLDED KNOBS 


off 
% 


No Tool Charge e Fast Delivery 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 


8027 N.. Monticello Ave., Skokie, Illinois 


Circle 298 on page 17 
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Alcoa Aluminum 
...basy to join 
~ by any method! 


Inert Gas Welding of Alcoa Aluminum with either tungsten or 
consumable electrodes is fast, simple and results in sound welds 
with good surface appearance and shape. No flux is required. 
There is practically no spatter, and these methods are perfectly 
adaptable to either continuous or job-shop production. With con- 
sumable electrode welding, a great amount of heat can be concen- 
trated in a small area. Tungsten electrode welding is more ver- 
satile for complicated position welding. 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example. . . 
Alcoa Aluminum is low in cost... lighter in weight 

.. easier to handle . . . nonmagnetic . . . corrosion 
resistant ... strong in alloys... offers more current- 
carrying capacity per pound .. is easy to spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 

Ask your Alcoa sales engineer to show you how y.ou 
can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-F 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


f — . | Your Guide to the Best 
acon § in Aluminum Value 
ALUMINUM 


For Exciting Dranfa Watch “Alcoa Theatre,” 
Alternate Mondays, NBC-TV, and “Alcoa 
Presents,’’ Every Tuesday, ABC-TV 
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General Electric Semiconductor News 


New prices, new circuits for 


FOUR BASIC CIRCUITS. Above are four basic designs for the Controlled Rectifier using the unijunction transistor 
as the firing means. The unijunction is a precision trigger, putting out short, high current pulses. The frequency of 
these pulses will not vary with the supply voltage or temperature, yet can be variably controlled with a silicon triode 
from a low level feedback signal. Unijunction firing circuits are easily synchronized with 60 cycle line frequency. 
In short, the unijunction provides the simplest and least expensive means for precision firing of the Silicon Con- 
trolled Rectifier. 

General Electric’s new silicon medium-current rectifiers, Types 1N2154 thru 1N2160, are ideal as companion 
devices to the controlled rectifier for reverse-voltage protection and, also, for applications in full-wave circuitry. 


SAMPLE LIST OF POWER © Converters, DC to DC, DC to AC ® Power switch for Dynamic braking High speed printer for 
HANDLING AND OTHER JOBS ® Phase controlled DC power sup automatic temperature control Light dimmers digital computer 

THAT CAN NOW BE DONE plies, regulated & unregulated electronic flash Thyratron replacement for Welding control 

BETTER BY THE G-E © Frequency converter, current ® Reversible motor control relay drivers Ignitron firing 
CONTROLLED RECTIFIER control *® AC variable speed induction motor Pulse width conversion Circuit breaker replacement 
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revolutionary G-E Controlled Rectifier 


“Controlled rectifiers may revolutionize the electrical industry.” This state- 
ment was made a year ago by a respected news publication. Since then 
samples’ have been studied by hundreds of firms. Many new circuits have 
been developed which promise important improvements in functions, reli- 
ability, simplicity, accuracy and lower cost. In just one year prices have beer: 
reduced 75 percent (see chart below). And now, the G-E Silicon Controlled 
Rectifier is a standard, production-line item, warranted in writing and avail- 
able at sharply reduced prices. 

This is the time for design engineers to exploit the inherent advantages of 
the Silicon Controlled Rectifier in their circuit designs. Many applications 
are proved... the firing circuits have been refined ...the product line is 
stabilized ... and it makes sound economic sense. Call or write your G-E 
Semiconductor Sales Representative for complete details. The Controlled 
Rectifier is also available from many local G-E Distributors. 


HOW THE G-E CONTROLLED RECTIFIER WORKS. The Silicon Controlled Recti- 
feris a three junction’ semiconductor device for use in power control and 
power switching applications requiring blocking voltages up to 400 volts 
and load currents up to 16 amperes. Series or parallel circuits may be 
used for higher power applications. 
The. G-E Controlled Rectifier’s reverse characteristic is similar to a oe 

ons 2 : : 3 ‘ : n actual price picture 
normal silicon rectifier in that it represents essentially an open circuit of the G-E C358 (200V) 
with negative anode to cathode voltage. The forward characteristic is such 
that it will block positive anode to cathode voltage below a critical break- 
over voltage if no signal is applied to the gate terminal. However, by ex- 
ceeding the forward break-over voltage or applying an appropriate gate 
signal the device will rapidly switch to a conducting state and present the 
characteristically low forward voltage drop of a single junction silicon 
rectifier, 


controlled rectifier 


DETAILED NOTES are available on the application of the G-E Silicon Con- 
trolled Rectifier, plus reprints of articles that have appeared in technical 
journals. Write to Section $20369, Semiconductor Products Dept., General 
Electric Company, Electronics Park, Syracuse, New York. 


STEADY PRICE DROP. Since its introduction one year ago, the price of the 
typical G-E Controlled Rectifier has dropped more than 75 percent. This 
results from improved manufacturing techniques and volume production. 
The G-E Controlled Rectifier is now a production-line item, warranted 
in writing for one year and subjected to the same quality control tests 
imposed on all General Electric transistors and rectifiers. 


The G-E Controlled Rectifier is also available at even less cost (ZJ39L series) for 
use at 100°C and below, with currents up to 10 amperes. 


MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 


C35U C35F C35A C35G C35B C35H C35C C35D 
Continuous Peak Inverse Voltage (PIV) 25 50 100 150, 200 250 300 400 volts 
Transient Peak Inverse Voltage (Non-Recurrent~< 5 millisec.) 35 75 150 225 300 350 400 500 volts 
RMS Voltage (Vems), Sinusoidal 17.5 35 70 105 140. 175 210 280 volts 
Average Forward Current (Ir) Up to 16 amperes 
Peak One Cycle Surge Current (Iiurge) 150 amperes 
Peak Gate Power 5 watts 
Average Gate Power 0.5 watts 
Peak Gate Current (ic) 2 amperes 
Peak Gate Voltage (Vc) (forward) 10 volts 
Storage Temperature 65°C to + 150°C 
Operating Temperature 65°C to + 125°C 


CHARACTERISTICS (At Maximum Ratings) C35U C35F C35A C35G C35B 430s C45H C35C 
Minimum Forward Breakover Voltage (Vso) 25 50 100 150 200 250 300 
Maximum Reverse (Ix) or Forward (Is) Leakage Current (Full Cycle Average) 6.5 6.5 6.5 6.5 6.0 5.5 5.0 
Maximum Forward Voltage (VF ave) 0.86 volts (Full Cycle Average) 

Maximum Gate Current To Fire (Icr) 25 ma 

Maximum Gate Voltage To Fire (Vcr) 3 volts 

Typical Gate Current To Fire (Icr) 10 ma at +1.5 volts (Gate to Cathode Voltage) 


ZJ39L Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
2550 Series—a high-current series now in development, and available on a prototype-sample basis. 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 


page number only indicates advertisement; letter 
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COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Capacitors—74e, 169, 194e, 195e, 212e, 213, 
234e, 242e, 310 

Choppers—257, 272e 

Clutches—188e, 272, 284 


Contact devices 
Brushes and brush holders—210e, 267, 294 
Commutators—200e, 311 
= and contact points—5, 24, 252, 
Slip rings—196e 
Control systems—136e 
Cooling equipment—193e, 195e 
Counters—245e, 250e, 255 


Electron tubes 
Glow lamps—242 
Phototubes—200e 
Receiving—198e 
Fans and blowers—199, 260e 
Filters—226e 
Fittings, conduit—188e 
Heating elements—296 
Lights, indicator—30, 196e, 226e, 242 
Magnetic components 
Bobbins and core boxes—196 
— - windings—162, 196, 224e, 236, 


Permanent magnets—52, 196 
Shielding—232e 


Magnetic amplifiers—189, 238e 


Meters, panel—36, 153, 188e, 194e, 215e, 
232e, 234e, 236e, 24le, 264e 


Microwave devices—206e 


ete, 195, 200e, 206e, 234, 
58e 


Printed circuits—174 


Protective devices 
Circuit breakers—66e, 152, 206e, 234e 
Fuses—33 
Thermal—56, 188e 
Relays 
General purpose—51, 141, 150, 166, 173, 
200e, 209, 240, 246e, 248e, 252e, 261, 
262, 272e, 280, 282 
Industrial—150, 228, 251, 270, 289 
Mercury—280 
Rotary—268e 
Telephone—141, 228e 
Time delay—156, 162, 251, 262, 286, 304 


Resistors—8, 222e, 240e, 243, 254e, 284 


Seals and terminals, hermetic—190e, 193e, 
224 


Semiconductor devices 
Controlled rectifier—306 
Photocells—195e 
Rectifiers and diodes—177, 188e, 193e, 
204e, 209e, 210e, 212, 217e, 240e, 256e 
Transistors—Inside front cover, 188e, 194e, 
198e, 214e, 256e 
Varistors—281 
Servo components—142e, 218e, 220e, 238¢e, 
245e, 248e, 249, 252e, 262e, 268, 268e 
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Shielding devices—229 
Solenoids—26, 200 
Static switching elements—181 


Switches 


Controllers and contactors—191, 194, 208, 


218e, 220, 258e, 270 
Explosive—234e 
Limit—240e, 24le 
Mercury—162, 233, 256 
Proximity—280 
Pushbutton—30, 148e, 188e, 224e, 236e 
Rotary—16, 196e, 231, 250e, 258e 
Snap action—223 
Stepping—231 
Toggle—16, 276e 
Thermal—41 


Telephone handsets—176 
Timers—198e, 206e, 248e, 312 


Transducers 
Linear displacement—204e 
Thermostats—16, 41, 56, Back cover 
Special—142e, 260e 

Transformers 
Electronic—278 
Industrial—266 

Valves, solenoid—21, 198e 

Voltage references—213e, 302e 

Wire and se 202, 207, 209, 250e 
Coaxial—190e, 
Hookup—39, Yi, 2, 276 
Magnet—29, 39, 44, 193e, 259, 269, 303 
Power—171, 276 
Resistance—171 
Ribbon cable—212e 


Wiring devices 
Cable clamps and clips—23, 250, 255, 304 
Connectors—38, 180, 190e, 193e, 194e, 

196e, 215e, 230e 

Cord sets—206e, 209, 290 
Grommets—250, 255 
Plugs and jacks—254e, 256 
Standoffs—228e, 300 
Terminals—154, 294 
Terminal blocks—159, 209e, 236e, 262e 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—1, 221, 226, 238, 277, 285 

Bushings—190e 

Containers—190 

Conduits—50, 187 

Counters—227 

Fasteners 
Bolts and nuts—260, 266e, 300 
Pins—45 
Quick-operating—45, 24le 
Screws—197, 237, 238e, 300 

Housings and enclosures—193e, 195e, 218, 
230e, 250, 254, 266e 


Knobs, handles—292, 304 
Latches—213e 
Motor armature clamp—232e 


—<—<<----, 


with page number indicates editorial mention. 


Mounting hardware—195e 

Plastics parts—215e, 220e, 246, 302 
Pulleys—188e 

Rings, retainer—163, 224e se 
Seals and gaskets—166, 195e, 196e, 2N 
Shock mounts—211 

Springs—299 

Universal joints—194e 


COMPUTERS AND COMPUT- 
ING COMPONENTS 


136e, 188e, 194e, 198, 204e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Instruments—27 
Microfilm—146e, 194e 
Tracing cloth—156, 287 


DRIVES 
Electrical—13, 43, 188e 209e, Inside back 


cover 
Mechanical—196e, 214e, 230, 245e 
Variable speed—32, 254e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Environmental chambers—193e, 298e 

Generators, electronic—1l88e, 190e, 298e, 
02e 

Meters—184, 195e, 280e, 284e 

Oscilloscopes—217, 282e 

Power ‘supplies—139, 193e, 196e, 242e, 258, 
264e, 272, 280e 

Recorders—14, 31, 284e, 295, 296e 

Shock and vibration—149, 193e 


Special test equipment—186, 194e, 195e, 
196e, 280e, 284e, 292e, 296e, 298e, 302e 


Tachometers—144e, 236e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—195e, 196e, 210e 


Contact materials—24, 164, 182, 194e, 210, 
252, 286 


Garnets—224e 


Insulation and dielectrics 
sbestos—49, 253 
= resins—188e, 195e 223, 265, 273, 
91 


ELECTRICAL MANUFACTURING 





Ceramics and glass—188e, 204e, 222e, 
266, 300 


Fabrics—37, 188e 

Laminates—190e, 209e, 217e, 235, 244, 
248, 262e, 293 

Mica—40, 188e 

“a compounds—210e, 222e, 288, 291, 


Paper—176, 188e 
Tape—2, 15, 47, 53, 124e, 151, 206e, 
209e, 214e, 219 
Tubing—170, 190e, 194e, 210e, 225, 286, 
298, 301 
Varnishes—58e, 188e 
Magnetic materials 
Electrical steel—175 
Ferrites—186, 188e 
Magnetic powders—183 
Quartz—4 


Solder and flux—138e 


MATERIALS, 
MECHANICA!./STRUCTURAL 


Adhesives, cements, sealants, waxes—206e, 
265, 276e 
Brazing alloys—201 
Metals 
Alloys, general—164, 198e 
Aluminum—157, 283, 305 
Copper, brass, bronze—187 
Nickel and Ni-alloys—46 
Steel—167, 190e 
Tin—245 


Metal forms 
Clad metals—77e, 245 
Tape—158 


Non-metallic materials 
Ceramics—188e, 204e, 266 
Elastomers—143, 159, 246 
Felt—230e 
Sapphire—212e 


Plastics compounds and resins—204e, 288, 
291, 294, 297 


Protective coatings 
Chemical—42, 206, 210e, 253 
Electrodeposited—5, 245 


MOTORS AND GENERATORS 


Integral-hp motors—22, 35, 54, 165, 172, 
179, 247, 266e, 274, 279 


Fractional-hp motors—35, 48, 54, 145, 160, 
165, 172, 179, 193e, 196e, 228e, 236, 241, 
247, 264e, 266e, 268e, 279, 290 

Gearmotors—236, 288e 

Special—160, 193e, 205, 228e, 241 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—193, 282e 
Gas generators—4 

Layout fluid—290 
Pliers—239 

Processing equipment—280e 
Wire strippers—264 

Wiring machines—154 


SERVICES 


Coil winding—300 

Data processing—147 

Metal fabrication—304 
Plastics fabrication—286, 302 
Testing laboratories—232 
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A Design Guide to the 
Analysis and Synthesis of 
Switching Circuits and Logic Systems 


Electrical Manufacturing’s 


comprehensive 5-article series on 


Boolean Algebra 


now reprinted for the second time 
to meet reader demand! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this reprint booklet—handy for home study—ELEcTRICAL 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications, 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using ‘State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


e@ Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combina- 
tional circuits must be augmented. So here.the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed- 
back) control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE WHOLE STAFF! 


Engineering Applications of Boolean Algebra-is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
See convenient order form on page 178. 
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New 
SBE E 
Capacitor meets 
MIL-C-92 Proposed 


High torque-to-mass ratio— 
excellent mechanical stability! 


Designed for high torque-to-mass ratio 
and excellent mechanical stability, the 
tiny “T’’ capacitor shown above has a“‘Q’ 
greater than 3000 at | mc. and a very 
low temperature coefficient. Rotor and 
stator plates permanently soldered ... 
rotor contact spring is beryllium copper 
. . . plates are .0003” silver-plated brass 
... ceramic is Grade L-4 or better stea- 
tite, DC-200 treated. Terminals provided 
for printed circuit board applications. 
Requires only two small machine screws 
for chassis or panel mounting. Available 
for use on government contracts in pro- 
duction quantities with approval of the 
U.S. Army Signal Corps only. 


SCAtwoRiven 


pera 


mn 


279 et 


ooo 


For specifications 
and further infor- 
mation on the “*T” 
capacitor describ- 
ed above, write for 
Data Sheet 758. 


ACTUAL SIZE 


OTHER CAPACITORS—In addition to the 
sub-miniature “T’’ capacitor described 
above, E. F. Johnson also manufacturers 
a complete line of other air variable ca- 
pacitors. Types include: ceramic soldered 
Type “L's”, Type **M”"’ miniatures, Type 
“K”"’ to JAN-C-92, and many other types. 
For complete specifications on all John- 
sor-electronic components, write for your 
copy of our newest components catalog, 
described below. 


New, 


ee eee eee eee eee eee eee eee 


Write today for our newest com- 

ponents catalog, listing complete 

specifications and prices! 

« Capacitors « Knobs and Dials 
* Sockets + Inductors « Pilot 

Lights + Connectors « insulators 


E.F. JOHNSON CO. 


2320 Second Ave.S.W. © Waseca, Minn. 
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ANOTHER FIRST... 


nr MW thible 


A.C. TIMING 
MOTOR 


Thinner... 


Quieter... 
More Reliable... 
More Versatile 


FINGER-THIN ... SPECIFICATIONS 


Only 9/16 Inches Short . . . Only 1% Semndard ¥ chen pate 
. . , , , , 0 ts 
Inches in Diameter . . . very compact Frequency:. dial 
° : Standar 
. .. reduces the size of your equipment. 35, 50 CPS Available 
Power Input: 2.5 Watts 
Maximum (60 CPS) 


WHISPER-QUIET ... BASIC MOTOR 


. ° ° Weight: 4 
Strictly an electrical motor . . . practi- Speed: 300 RPM. 


. zs . Torque: Y% oz-in. 
cally noiseless .. . no rattling of gears Lensth: $716 tach 
or ratchets. 


WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 
Speed: 300 RPM to 1/6 RPH 


TORQUE eee Torque:. 30 oz.-in. @ 1 RPM 


; ; B Length: Y% inch 
Y% oz, inch at the rotor with instanta- 


neous start and stop .. . requires only 
2% watts ...can replace larger motors 
in recorders, controls and telemetering 
equipment. 


HIGHEST RELIABILITY... 


Longer life . . . no One-way gears or 
ratchets to fail . .. provides millions of 
operations without any trouble. WITH INTEGRAL GEAR TRAIN 


Send For Special Illustrated 
Bulletin AWH MO-806 


“A.WHIAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Custom Design & Manufacture Of Electronic And Electro-Mechanical Timing Devices 
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INTRODUCING AN ALL ELECTRIC, VARIABLE SPEED DRIVE 
FOR UNDER $220 THE FRACTIONAL hp. WS Jr. 


Now you can gain the efficiency of stepless speed changes 
for smaller machines. The new fractional V*S Jr. puts 
complete machine control at your operator’s fingertips, 
for less than $220.* ‘ 


The fractional V*S Jr. will vary drive motors speeds 
from 215 thru 1725 rpm. Speeds can be changed through 
this 8:1 range by a simple turn of the selector dial. 
Speed changes can be made while the machine is oper- 
ating or pre-selected before starting. 


This packaged drive provides start, stop and stepless 
speed changes from in-plant a-c. power. Jog, reverse, 
and braking functions are available for more flexibility. 
The fractional V*S Jr. is available from % thru % hp. 

in all enclosures with standard or gearmotor, and is a 
F new addition to the integral V«S Jr. line, 1 thru 4 hp. 


For complete details contact your lccal Reliance 
Representative or write for Bulletin [)-2507. 


**% hp. drive complete with motor, controls, and operators panel. 
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Product of the Reliance Electric and Engineering Com- 
pany, manufacturers of a-c. motors, Master Gearmotors, 
V*S Drives, Super ‘T’ D-c. Motors, generators, controls 
and engineered drive systems. b-1624 


RELIANCE incintcaine co.° 
DEPT. 276A. CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 
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Circle 102 on page 17 
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Type S above; Type H below. Other designs available. 


IT’S STEMCO THERMOSTATS 


= -. No wonder leading manufacturers of electric appliances 
7 » specify Stemco thermostats. For Stemco thermostats give 
J long-life reliability that eliminates service headaches. . . 
‘ —— are quickly, easily installed . . . are competitively priced. 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it 

involves design, production or cost. Try us now. 
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Other appliances, too, such as percolators, inhalers, 
air heaters, fans, steam and fiat irons, roasters, fry 


kettles, refrigerators, butter warmers, waffle irons, THERMOSTATS 


electronic and avionic applications. Circle 103 on page 17 





